DOCOKBIT BESDHB 



BD-iae 617 



SB 023 743 



TI TLB 



. INSTITUTION 

SPONS AGENCY 

PUB .DATE * • 
fNOTE 



AVAILABLE FEOH 



EDRS PHICB 
DESCRIPTdRS 

/' 

V 

IDENTIFIERS 



COPES, Conceptually Oriented Progran in j^Eleaeatary ^* 
Science: Assessment Booklet for Grade Six/ 
Preliminary Edition* ^ ' y o ' • 

New York Oniv*, N.Y. Center for Field Research 'and 
School Services • • / , , 

National Science Foundation, Hashington, D«C«; Office 
of Education (DHEW) , Hashingtoii, D.C. 
74 V ' 

^il'-lp.; For related documents, see SE 023 ^ilwUS and 
ED 05a 939; Not 'available in hard copy due to'' 
copyright restrictions 

Center for Educational Research, New York University, 
51 Press Building, Washington Square, Hev York, M«Y« 
10003 ($9.50; over 10, less 2X, over 25, less 5%) 



MF-$0*83 Plus P 
Curriculum ; ♦Cu 
Assessment; Ele 
Science 
cience Edu 
*Oanceptually 




icati 



ostage^ HC Not Available from EDBS^ 
rriculum Guides; '^'Educatibnal 
nentary Education; ♦Elementary School 
6; Guides; Science Curriculum; 

iented Program Elementary Science 



ABSTRACT • 

HhJ/s guide pr 
with the seven science units 
Program in Elementary Scienc 
Included are i:Etaividual scredni 
grade* 6 sci^mfce units, instruct 
f^^^E^-seeeiliq the assessment, a\s 
"the results^. (SL) 



ides the assessment procedures for use 

the grade 6 Conceptually Oriented ^ 
COPES)^ science curriculum program^ 
ng assessments for €.ach of the seven, 
ions forti using the guide, iiostructions 
coring guide, and comments on using 



4c 4t#* ♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦ ♦♦♦♦♦♦♦♦^•^♦♦^♦♦♦♦♦♦^ 

♦ Documents acquired by ERIC include many lirform^il unpublished ♦ 

♦ materials not available from other sources^ ERIC makes evexjy effort 

♦ to obtain the bes^t "chapy available^ Nevertheless, Jltems of marginal 
reproducibility are often encountered and this affects the quality 

♦ of the microfiche and har d^op|:^^reprpduc€ions 'ERIC makes available 

♦ via the ERIC Document Reproduction Seryiqe (BDRS,) • EDRS. is not 

♦ ^ responsible for the quality of the original documents R?produ<?tions ♦ 

♦ supplied by EDRS af,e the best that can* be made from the originals ♦ 

4t4t4t###4(### ♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦ ♦♦♦♦♦♦♦♦♦♦♦♦♦ 



vO 
CO 

v-i 
O 



"PERMISSION TP REPRODUCE TH/S "' 
iJ^S SEEN GRANTED BY V 

^^.SERS^SPTHEERIcrvsTEM " 




u$ oppAirrMeNro^HeAi.TH. 

^ EOUCATIONftWELFARE 
NAnONAU INSTITUTE OF 
EOUC')tTION 

» 

THIS DOCUMENT mas' BEEN REPRO- 
DUCED E)^ACTLV AS RECEIVED FROM 
THE PERSON OR ORGANIZATION ORIGIN. 
ATING IT POINTS OF ,VIEW OR OPINIONS 
STATED 00 NO,T NECESSARILY REPRE**^ 
SENTOFFICIAL NATIONAL INSJITUTE OF 
EDUCATION^OSITION OR POLICY 




Conceptually Oriented Program 
° in Elementary Science 



I 



Assessment Booklet 

for Grade Six 

Preliminary Edition 




^ NEW YORK UNIVERSITY 

Printed and Distributed by the Center for Educational Research and Field Services 



CO 

CO 

ERIC 



♦ p 



2 



■ /" 



©'•Copyright ^1974, New York Univers^ity* • ' * ' , 

All rights , reserved '\ v . * 

• - ^ . ^ . • ' \ 'h * 

This Boolcl^t cont;S(irt^ bhe assesspietits to be used in con j unc tioiT' 
with the GOPE-S Teachet: * s* Gu*i:^^or Grade 6* which is onfe af the 
products of^ the GDPES project at Ney^ Yprk University l*. T,he pro- 
ject^'was supported by funds frbm the. U.S. Of f ice^ of Ed:ucation, 
and the National, Science Found'ationi ' - • ^ 



r 



. > 

Morris H.^ Shamos 
Director 



'yr. Dav^rell Barnard 
Assoc iate Director 



THE COPES STAFF 



Philip R. Merrifleld* 
Head,' EvaTuation 

Lois Arnold - 
Editor 



Janice A. Cutler 
A-ssis tan t Director 



^Elizabeth Lagerman 
Secrelfaify ^ 



I ^ PRE.VIOUS MEMBET^S OF THE STAFF ASSOCIATED WITH ' 
THE DEVELOPMENT OF GRADE 6 TEACHING MATERIALS AND ASSESSMENTS 



Joan Alexander 
Teaching Assistant 

Ronald Caruso 
Elementary School Teacher 

Dean R. Caspersorf 
Science Educator 

VincJfe^t S. barnowski ^ 
Science Educator 

' - ^ . \ • / 

Carol J. Dempster 
phempis t 

ArnJld H. Diamond v-v . 
Evalu^a1\ipn ^pecialist 

Muriel Green 

Elem^-ntary Science Consultant: 

Alvin Hertzberg 
J Elementary Science Consultant 

Katherine E^ Hill 

Evaluation and Elementary , 

Science Specialist 



' Kit , Ifvd^e 

Elementary Science Specialist 

■ > 

Dorothy M, Lyncfti 
Administrative Assistant 



Joseph a.^ Rubinstein 
Biologist 



A^nne *Saeng«r . ' ^j -. • 

jSlementary Science Consiilta'nt 

/ Rashid ^hah * 
^ Evaluation Specialist 



Stanley S immons 
Science Teacher 



D'enver Ul ery 
Science Teacljer 

Bobby ' J . Woodruff ^' 
Sc'ienc'e Educator 




Many teachers and staff members have been actively involved in 
testing and teaching ;^he COPES 'material s • )A laboratory school 
at^the University, as well as regular" classrooms of cooperating 
. teachers, tested the .initial Grade 6 Activities and Assessments. 
Acknowledgement must be extended to those many children who ^ 
have worked with COPES materials and who have provided us with 
immediate and invalu'able critiques. 

Several' research studies Yiave been conducted with tl9e COPES 
materials, ^ Elhannan Kjsller conducted a study ;using Minisequence 
II of Grad.e-' 6 in"^ sever/al New York City Public Schools. He 
devised as.s^ssnr^nts * f or tha-t sequence to use for the study, part 
of his^ ^doctor^l program at New York University. Adaptations of 
soine^ of his assessme^nts are included in this Booklet. . t\ 

Finally, we wish to ackpow.ledge the assistance o*f^ the »Publ ica-- 
t ion's Bureau of N . Y . U . and of 'David Pr estc/ne , Law^i^-nce Trupiano , 
an-d James Ceribello of the Fat Cat StiidioL who did the illus-r 
Titrations . ' ' A ' \ . ^ 




J 



Contents 



ACKNOWLEDGMENTS ' * . . . .*.'.-. . '. iii 

■ f* ' ' .'. J ■ ■ ' *.■**'**. 

THE GRADE 6, ASSESSMENTS 1* 

. MINISEQUENCE I . JiNTERACTIONS OF LIVING, THINGS WITH TI^E" 
• )i ■ •> ENVIRONMENT • 

SCREENING ASSESSMENTS. ; ... . ..V . .'. . . . . . ;• 7 

■ • - 

MINiSBQUENCE II HEAT- ENERGY AND HYDRATE BONOS 

SCREENING ASSESSMENTS.-. . . . . . . . .» . . 28 

, .0 ' . -, * - ^ 

MINISEQUENCE III COPPER: A STJRUCTURAL UNIT.. ^ • 

SCREENING ASSESSMEllTS' • V 40 

• MINISEQUENCE IV A ^TENDENCY^^ TO SPREAD OUT ^ \, 

SCREENING ' ASSESSMENTS. ' i n . : 59 

, ' MINISEQUENCfi V RANDOM EVENTS: -ORDER. OUT OF DISORDER 

. '• SCREENING ASSESSMENTS. ". . .V 80 



MINISEQUENCE VI TOWARDS ..AN IDEAL MECHANICAL SYSTEM • • 

- SCREENING ASSESSMENTS.- .v..- ' . . .'.lOS . 



/ 



s 



SCORING GUIDES- AND INDjEVIDUAL ASSESSMENTS ". . .. . . . .12 5 

PAGES ' FOR. DUPLICATION ^ ; 179 



» . . . " . • 

Jhe Grade 6 Assessments 

*The prima^ry theme' of the COPES curricu^^m is^that experience 
with the *ideas underlying comitipn .ph'enomena can lead^b^he child 
to conceptualize . the fundamental and pervasive schemes of , iftT>^r 
ern science. Accordingly, the primary* objective of the Grird4 6 
Assessment* materialsjt^^s to ascertain whether the child has in^" 
tered the concepts underlying his experiences with the f^OPES * 
Activities. 'It is important that this goal o*f tlie Assessments 
be kept -in mind, in cojitrast to -such alternatives as finding 
out how^ well the child ■ remembers ''specific > details' of what was* 
done, or the degree to whTch he, has acquired a useful skill. 
The emphasis on mastery of conc.epts is intentional: it is not 
that the . alte^rnatiVes are unimportant, but rather that tHe cdn- 
cept goals are mcwre germane to-COPES. However, to a qreafer 
extent/than in the Assessments for the earlier grades, the, 
s^>ecific techniques and context of Activities develope^ at ^his 
level are reflected in the Assessments fop Grade ^6, Written 
questions and multiple-choice answe r s* are \use-^ As in Grades. 4 
and 5. TeadTiers ^re aslc^^d to read all writ^^ia^tnaterial aloud 
while children x'ead it silently. ^^ , 

We have not. made an ^ssufe'^o^ the distinction between concepts 
and skills; r^ather, we^ have tried to apply skills in the en- 
hancement of concept learning, a*nd to introduce concepts as the 
foci ^f skills. For example, the child learns. *the skill of 
grouping, or classification , concomitantly with the concept of, 
a. gronag as a* set of ob j e cts ' having . a common property.. Also, 
the concept of a property ca"n be abstracted fro.m ob'servations 
*of\objects in groups, while at the same time the skill of mak- 
ing abstractions t>egins to be learned. Thus an attempt to make 
a clear distinction between "grouping" as a skill, -and '"a 
group"- as a , concept--or between "property" as a"£fonce'pt and = 
"•seeing pifoperties" as a simple kind of abstracting skill-- 
seems more lilcely to confuse the child* than to help- him at this 
stage of His cognitive development. The trained s<:ientist ab^ 
stracts as he relcognize*^ properties in complex .ph-'e'nomena , and • 
classifies those phenomena into larg^er . groups in 'terms of p^r- 
cei^ved properties, without introspecting about Whether, at any 
particular moment,, h^ or she is practicing- a sk'ill or a.f)plying 
a concept . • ^ 

^ ^ ' ' '. ft - ' 

Throughout the Activities, 'emphasis is placed on concept's an^ 
relations rather than on tJje specific phenomena, or-:^"f acts , " • 
and so^t is in the Assessment's. However, what- seems a 
S'lmpl.e relational idea for an older child'or, an a'dult' ma^ be. 



a quite difficult integrative tagk. for the younger .child.. To 
assimilate a new explanatory Idea into the body -of previous r> 
i'deae, the child may ne^d a great deal of help *rn what the ps,y- 
chologist, Jean Piaget/ calls aaaomodation--the transformation . 
oi previous experience to facilitate the^ as s imila t iort of new* 
ex-per ience Theire wiinalso be individua-l differences in the' ' 
ease with which childr/n as-simildte new ideSis, -and- these diff- 
erences. may appear in different context s--the same child may 
readily reach mastery of one concept, but .have to struggle with- 
another. For these reasons, the , As se s sment s l:iave b'een prepared 
at 'two leve.rs:^ Screening Assessments ^ designed for group admin-^ 
istration to ascertain which q^ildren have a-ttained 

the 'cbncepts ; and Individual Assessments, ^ 

tration . tc)' a single child or sfhall group, 
ments are in the same order as the 
6 



mastery of 

designe'a for adminis- 

' The Screening Assess- 

respective Minis equences 
in t^he Gr^de 6 Teacher's Guide,. Extra copies of the Assessment 

pages to be used as masters for the children's copies are locat- 
ed in the •last section, of this volume. The In'dividual Assess- 
ments constructed to- help the teacher focus instruction on those 
a^eas in which children need additional help, are included in 
the Scoring Guide 'section. . . ' , 

' ^* 

One form of the Individual Assessment is a series of J^/eading 
questions which take a specif ic 'problem ^from the Screening 
Assessments and break t;he problem down into a 'series of. simple 
questions. There is an intentional similarity in the small-.ste 
approach to concept evaluation and the more successful asp^'ects' 
of programmed instruction. Some children need greater help, in 
building. up their con f idence ^ in their knowledge of the concept 
and the small-step, gui-ded inquiry s^trategy is intended for th 
benefit. (.It is n© t N^appropr iat e for any beginner ,. but some 
might fin^d it tedious.) Using this method, the -teacher shoul 
improvise and ask the same type of -questions as in th^ exampl 
The example questions are meant as a guide. The teacher'shou 
feel'^free to add, subtract, or^adapt the questions .in any wa 
he or she feels wiJLl help the chil'd. Another form of Individual 
^Assessm^nt is what could be considered a mini-activity: £ crit- 
ical component of ' an activity is re-cione, 'with greater explica7 
tion, to assure the chil'd is able* to traverse the lines of in- • 
f^rence leading to the concept, goal . 
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Because there are so many possible sources of misunderstanding 
at this grade level," due tb both the in-creasing complexity 
the material and the cumulation of learning deficits in som; 
children, we* have not provided individual as'^essmen t in teTnqed 
to nveet*all the needs cTf all children with learning difficUl^)L 
Rather, we have indicated procedure, in some, instances, in/the 
context of the screening assessments, which should be hei/pjtul 



es 



hej^fl 

in prov^iding^^me structure fo^ the tfeacher;' obviously, t' 
emphasis will have t'o be upon the learning prob>lem presen 



each individual child, and the teacher 
attentive to the representatiori of the 
ed in the ac t^vit'les , ,in ways that, the 
ass imila te . 

2 , . , 



by 



will need to be* mo; 
teaching maiierials 
individual learnerl 



^e 
(ed 
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provid- 
can 
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In these Assessments, it miaht appear that' the usual dis t inct ion'.s 
between achievement and aptitude are blurred; In a sen-^e this 
is true, because at thds stage of development the clUld ' s. abil ity 
to learn new thi'ngs is based to a significant d^ree on what he • 
or she has previously learned, A few children may be able to 
perform well* on these A^essments be»cause their p-revious, ex'peri-^- 
ence; interat^ing with t\eir genetic^ ^endowment , permits them to 
"figure i^t out". However, for the majority, the, .experience of 
the^ COPES Activities ghould increase the likelihood that they 
will 'do well on ; fhe ITssessments provided for eafch Minis equence\ 

^ ADMINISTERING AND SCOR'IN? THE ASSESSMENTS ' • 

instructions f or ^ adminis terir^g ,the As^sessments are included ^ with 
th^ asessment pages* Of cadrse, you will need to make copies of 
the p-ages beforehand to distribute lo» the children. The copies 
can be mad.e by tearing out the appropriate duplicate assessment 
pageU) from the section at the back of this .booklet . The As- ♦ 
sess.ment pages^ appear twice--once in context for your reference 
and pnce a^t the back for use i^n ^upl^Cj^tion, 

The asse^ssment pages ajre in alphabetical qrder for an entire 
Minisequence . ^ The letters", which appear in the upper right hand 
corner of each . page , ^allow the children to identify, the pa^e 
they .are to work on at aoy given time. The letters' also permit 
you tfo maintain the correct order in Collating the pages. The 
pages may be collated in groups. Part l,^Part 2 e€c . --some times 
the (ihildren^appreciate the change of pace af^rded by collectr 
ing one set of papers and passing put the next. The pages may« 
also be distributed as a complete set for the Minisequence. 

In the assesstnents , suggested ins t ruc^tior^s to be read'to the i.*. 
children appear in -capital leftei:s*^as- do th^ pVo>)lems them- . » 
selves. After distributing the'Tl^sses'sment pages, ^read'the inW 
structions arid then the problems, one by one, together with jthe 
possible ' responses . The children should read the problems along 
with you , ^.silently , and tfhen cir:cle tb^e'letter pf*the best re- 
sponge. Tlle^^^ should be encouraged to think qiit^their responses 
and not to guess. ' ♦ • 

We have tried .to use language at -the level suggested in the 
Activities themselves. In some problems, how^ever ,a^ child may 
aslc for th e me aning of a particular word. If, in your judgment, 
your ^answer ^^^ouldz-provide the aiiswer to the problem, 'you should 
decline, coars'ider ing that he or she does not kno^ the concept - 
^eing assessed. If you can anaweirJTthe child ^ imply , ^without ^ 
disclosing the answer to the problem itself, you may do so . As 
a general rule, you should ask the child to ^respond stating what 
he or she thinks the word means. . . ^' 



The Scoring Guide for the Assessments is aTso included. ^l^e. ^ 
pr*e*ferred response »for each task is given, together w^h a 
commentary.- ^ Incorrect alternatives on 'the muLtiple-choicd 
questions are disc^jsse^ when the rea-so,ns for their iDeing 'incor- 
;rect are closely, related to necessary limits on the concepts, 
e.g./ when the incorrect choice reflects common mi s concept ions 



QUANTIFYING 'tHE RESPONSES 



Discussions" of mas^tery in learning seem inevitably to' lead zo 
the questi'bn of "percent ^assirig," ^s a quantification of what 
mastery is presumed to^be. The teacher is the major judge 
for mastery o-f^ schoTol content; the assessment materials help' 
him or her to make that judgement, ^ U^ing these materials, the 
group average on the Screening Assessments should be 70% of ' . 
the tasks successfully completed, ' as a minimum. examp'le, if 

there are ten tasks,, a group of 20 children should have^at . 
least a total of 140 correctly done. We have no information > 
as yet on, the relative difficulty 6f .the t^sks , but they have 
been devised and arranged-^ in a sequence tn§t:--itra^,s 70% ^passing 
reasonable as a group measure, given 'appropriate instructional 
use^'^B^ the /^Qtivity material. * v ' ' 

For ah. indi v'i.dCial. pupil, the lev^l of mastery should be higher, 
say '80% of the tasks reas^onably completed^ considering 
that in some* of the' tasks the' cMld may 'have gues^^ed the pre- 
ferred response. A child doing less well should have -the ben-^ 

-efit of a discussion o^ his of h.er r^esponses wi'th the teacher, 
and probably the Individual. Assessment- for the Mi'nisequence . 
CHe^or she should be provided with an Individual Assessment an,d 

^a- guide-- the teacher^ or perhapiS a paraprof Qss ional , a parent 
or an older child.) Remember that the purpose of the Assess- 

^ment is to assure both teacher' and child that pastery of ^a con- 
cept ha-s bden achieved.^ ' r ' ^ * 
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*^ USING THE RE^SULTS 

It is our intent that the Assessments not be use6 to differen- 
tiate one child from another^ e.g., as a basis for "grading". 
Two maj,or uses of the Assessment responses are intend^d: First,, 
the t^eacher may use quantification of the re&ponse^ as evidence 
for a decision rega:3^di^g— fehe mastery of concepts^'lTy 'the group 
as a whole. The teacher, not the 'numbers we suggest aboye, miust* 
be the njajor djecis ion-maker in this context. Should you^decide , 
that, the group h^s not mastered the ^concepts' presented in a Mini- 
sequence, ce-examine your uSe of the teaching mat*erials 'and the 
readlneas of the group to undertake the' expeirienqes . Second, 
the Assessments should|be used as components .in *the essential 
feedback you 'provide tne chil& as he or she strives for mastery 

of the concepts.- Review of the child's performance on the 
■ • I' » ^ 

S'creening Assessmjsnts , and on the Individual As$essment if uSed, 
are yery important in .the child's development of his^conqept pf 
himself as a learner. . ' . ' 

It is the responsibility of the teacher to assess the c'hildren's 
progress, and to distinguish between his or her evaluation of a 
child' readiness for new learning* and ahy evalua^tton of^^hat 
child as an* individual person. Comparison's of one child with 
another in yterms of personal worth *may well be^' traumatic , and 
frequently inhibit the child's participation in futura learning 
situations. However, a real is tic appraisal of the child's mas- 
tery of significani: cognitive aspects of his- qr-^her" environment 
should facilitate and motivate continuing intellectual dev*elop- 
ment. ' , * * « ' 

^ ' ■ 1 ^ 

For some years it ha^ been advocated^ that' teacher's emphasdze 
th^ir' support of children- in the^r attempts ^a*^learn. Typically, 
support has been most evidenced by verbal iza't ions of positive 
tone--"f ine" , "good", "OK"--although occasional nonverbal posi- 
tive reinforcement has be en * encouraged . The fincj^ngs from some 
curreht research, looking at' the distinction between the emo-^ 
tional and frognit'ive domains of behavior, imply that children 
who ^re trying, with**mixed succes^s, t.o ac^quire a, desired cogni- 
ti've behavior finQ a consistently positive tone from the teacher 
very confusing* Thp confusion arises because the teacher's be- 
havior is inconsistent with ther changes*. ^or lack of them) whl^ch 
the child can observe in his own cognitive - behavior. . For ex^artple 
if he *or she continues to read an inconsistent response (wrong 
answer) ^on several tries, but 'the teacher's only .response is one 
of pos itive,. acceptance / the child ^isv,l'ik61y to wonder whether 
the teach^ is attending to^ the di^f f i^cuTty . While most 'ii^ tances 
of the ^well-known c"tUrn-off" arise from" a combination^ of lack-of 
success Mid negative attitude from the* teacher, many., chil^dr en 
wilj. turn away from, a cognitive task-^-and ev^n from th^e teacher- 
--when, h'aj/in^ failed by their own * evaluation , they decide that i 
the teacher's response. %s irrelevant because it doesn't relate 
consistently to their 'cognitive problem. 



The teacher's evaluation of a child's response should be con"^- ' 
sistent'with the situation, as the child perceives it, ^on two * 
levels: (1) moti vating by rev/arding for effort, as, that en- 
'cou^ag^s another try; '(2) rea-listic, liy re.warding, for success 
*at .the ta-sk, but i\on-rewarding for lack of* it^ That^kind of ► 
guidance- provides much more relevent informat ion , 'and ' thus 
engenders a greater effort on the* par-t ,of the child to focus on 
the cognitive aspects of' the task. ^ » \ 




. PROVIDING ^FEEDBACK *a 

/ ' • ^ 

We hope you .will fi^id the Assessments useful 'in helping, 'the . , 
child to mobilize a*nd focus hrig or' her thinking skilly on the 
COPeS^ experiences in order to de termdne ^'the ir use f ulne's"^ , we 
ask your as si s tanc e ' in ' pro vidin'g feedback to. Us regarding the/ 
Assessments. Inf oTrma^t ion on confusing ins tructio;is 'aiid the like 
are deceived with some regret, of course, but ^thay are Jieverth^-- 
less^ welcome . Informatidn on relative difficulty of tasKs will 
be. extremely valuable. Don't hesi'tate to xpequest additional 
Assessment? mater-ials from', us, knd. to'sug-gest new format's tHat 
such Assessments might take. We shall be most interested in* 
communicating with .you. ' . \ * 




"^Xj^inisequence r L 

Interactions of Living Things witli the Environment 



Screening Assessments 



J. The concepts being tested in this Minisequence. are : 



> ^ 



a. Soil is formed by the- interaction of rocks with. both giving 
» and nonliving components ot the envirdnm^nt, 

b. A^s a consequence of their composition, topsoil and subsoil 
exhibit sdlf Cerent interafctio<n proper ties.,,,with water and 
growing plants. ' 

c. One way, in which organisms may interact with their environ- 
ment: is to release' carbon dio^tide. 

/ ' • • ^ ' * 

A.^ There are a number of factors .that affect the rate at 

which/plantS release w^ter vajJor to their environment. 

e. Living things react }:o changes in their environment. ^ • 

Thez:e4 are five. parts to this 'assessment* Each part includes, 
items dealing with one -of. the above concepts; 'i'arts 1 and 2 
may be administered after • Activities 2. and 3. Part 4 may be 
admii\istere4^^f ter Ac^tivity 4 and Part 5 after Activity 5. 
Each part takes about lO^minutes. After you distiMbute the 
pages to the childrefl, have them put their names in the 
•.appropriate ^places.. ' . . , . ; ' 



. " MIigi3EQUENCE;^^I ASSESSMENTS 

■* . ' . • . / • • 

• ■ . • . . .■ ' ■ 

PART 1 ' * / \ ' 

^- 

.Page A 

Have the children^ tur'n to page^A. * : * , 

HERE ARE SOME QUESTIONS WiTH THREE POSSIBLE ANSWERS EACH. » READ 
EACH QUESTION. AND ITS, ANSWER SILENTLY WHILE l' READ THEM ALOUD 
TO YOTJv- AFTER I HAVE FINISHER YOU WltL HAVE A SHORT TIME TO 
SELECT YOUR CHOICE AND CIRCLE THE LETTER IN FRONT OF IT." (If 
you think it hel-pful to the childr en , . r ead each question 'again 
as they select their chaice.) 



1. WHEN JAWICE E'XAMINED A PINCH OF SOIL, WITH A MAGNIFYING ' 
GLASS SHE FOUND SMALL PARTICLES OF MATERIAL THAT LOOKED LIKE 
FINE SAND. WHICH 'OF THE FOLLOWING BES^^ EXPLAINS HOW THE PAR- 
TICLES MAY HAVE BECOME A PART OF THE iSOIL? 

A. THEY WERE -PRODUCED WHEN* RQCKS WERE BROKEN UP, 



THEY CAME;PROM LIVIN^ THINGS IN *HE SOIL. 
C. THEY WERE ALWAYS A'PAilT OF THE SOIL. 



.p.. IN CERTAIN PLACES ROCKS ARE COVERED WITH GREEN CRUST-LIKE 
t>LANTS CALLED LICHENS. IF YOU REMOVED A PIECE OF THE CRUSTY 
LICHENS FROM A ROCK, WHAT WOULD YOU BE MftST SURE TO FIND UNDER- 
NEATH IT? ■ ' ' 

A. OTHER SMALL fliANTS. '■ \.y 

^\ ~ - . „ ' > 

B. SMALL PIECES OF ROCKS. . ' " . 

f- 

C. SOLID ROCK. 

S < . ' . o , 

3*. ROCKS ARE FOUND ALL OVER THE EARTH. TMY ARE FOUND IN 
PLACES WHERE THE RAINFALL IS HEAVY. • THEj^^RE POUND IN f>LACES 
WHERE TftESE IS VERY LITTLE RAINFALL. WHICH OF . THE FOLLOWING, 
BEST DESCRIBES HOW ROCKS IN PLACES WH^RE THERE IS HEAVY RAIN- 
FALL MAY BE DIFFERENT FROM ROCKS IN PLACES WHERE THE RAINFALL 
IS MUCH LESS? , - ~ • 
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A. SINCE ROCKS ARE VERy HARD' THERE WOULD BE LITTLE 
DIFFERENCE. . • ^" 

; .-.B. WHERE RAINFALL IS LESS,^^CKS wdULD BE' DARKER. 

C. WHERE RAINFALL IS HEAyy^OCKS WOULD HAVE "WORN AWAt 
MORE. , • - , . I . . , : 

4. IN Some, PLACES there- are many large' rocks in the SOIL. • 
WHICH OF THE FOLLOWING BEST DESCRIBES WHAT IS HAPPENING TO " 
SUCH ROCKS? 



1 



A. THEY ARE SLOWLY BECOMING SMALLER. 

B. THE;Y are slowly BECQHING HARDER. 
THEY ARE SLOWLY BECOMING LARGER. 



Have the children turn to page B. 



5. TWO. SAMPLES OF SOIL ARfi EXAMINED BY SOME CHILDREN'. o!^. 
A LIGHT'-COLORED SOIL- THAT FEELS feOUGH. THE OTHER IS A DARK- 
COLORED SOIL THAT FEfiLS'LESS RQU6H. WHICH OF THE FOLLOWING 
BEST EXPLAINS THE DIFFERENCE IN THE SOILS? 

A. gOILS ARE MIXTURES OF ClVING AND NONLIVING MATERIALS. 

B. SOME -SOILS MAY HAVE MORE MATERIAL FROM LIVING THINGS 
IN THEM TKfeN OTHER SOILS. 

f ; 

C. SOILS ARE FORMED BY' THE ■ INTERACTION OF -RO^KsSwiTH - 
\ ^ THEIR ENVfRONMENT.T • . , J - 

PART 2 ■ . • • , - ' 

Page C ' 5 - ' . • ^ 

Distribute pages C and D^and have the childreli turn to .pa^e c/ 
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1. MORRIS AND LOIS EXAMINED TWO SAMPLES OF SOJL. ONE WAS . 
LABELED SAMPLE A AND THE 6tHER SAMPLE 5. SAMPLE A WAS A 
DARKER COLOR THAN SAMPLE B AND HAD MORE PIECES OF DEAD LEAVES, 
STEMS AND ROOTS IN IT. WHEN' WATER WAS POURED THROUGH EQUAL 
AMOUNTS. OF EACH SOIL SAMPLE,, SAMPLE A ABSORBED MORE WATER THAN 
SAMPLE B. BASED UPON THE ABOVE OBSERVATIONS WHICH OF THE 
FOLLOWING WOULD YOU SELECT AS BEING THE BEST STATEMENT REGARD- 
ING THE DIFFERENCES IN THE TWO" SOIL SAMPLES? 



A. 



B. 



C. 



BQTH SAMPLE A AND SAMPLE 'B WERE FORMED BY THE INTER- > 
ACTION OF ROCKS WITH THEIR ENVIRONMENT. 

« 

SAJIPLE,/ CONTAINS €)NLY^ LIVING THINGS AND SAMPLE B 
CONTAINS ONLY PARTI^CLES OF ROCK. 



SAMPLE B t£ PROBABtiY 

IS probablWa sample 



y 

SAMPLE OF SUBSOIL AND SAMPLE A 
F TOPSOIL. 



2. JANET, AND ELIZABETH WERE GIVEN TWO SAMPLES OF SOIL 'THAT HAD 
BEEN REMOVED FROM THE SAME FIELD. 'AFTER THEY HAD CAREFULLY , 
EXAMINED THE TW0„5^PLES, THEY HYPOTHESIZED THAT ONE SAMPLE 
WAS SUBSOIL AND.,.THE OTHER. WAS TOPSOIL. IF THEIR HYPOTHESIS WAS 
CORRECT, WHAT COULD THEY EXPECT TO HAPPEN IF THE SAME NUMBER 
OF BEAN SEEDS - WERE- PLANTED IN EACH SAMPLE AND BOTH SAMPLES WERE 
GIVEN THE S-Mffi-J^OUNT OF WATER? ^ * - ■ 



A. THE BEAN SEEDS WOULD 



C. 



N*^ 



GROW IN SUBSOIL. 



B. THE BEANS IN SUBSOIL WOULD GROW BETTER THAN THE B^ANS 



IN TOPSOIL. 



THE BEANS IN TOPSOIL WOULD CROW BETTER 'THAN THE BEANS 
IN- SUBSOIL. 



3w REREAD THE FIRST PART OF ITEM 2,' ABOVE. ' CfcANET AND • 
ELIZABETH DECIDED TO TEST THEIR/^YPOT?HESIS BY AN01JPER METHOD. 
THIS WAS TO -BE DONE BY PUTTING- THE SAME AMOUNT OF EACH SAMPLE 
OF SOIL IN EACH. OF 'IWO PAPER CyPS WHICH HAD SMALL HOLES IN ■ 
THEIR BOTTOMS. INTO EACH PAPER' CUP THE SAME AMOUNT OF WATER 
WAS POURED. THE WATER THAT PASSED THROUGH EACH SAMPLE WAS 
COLLECTED MiX) COMPARED. ^^HAT WOULD YOU EXPECT TO BE THE 
RESULTS? • > 

• . 

* A'. THE WATER PASSING THROUGH THE SUBSOIL WAS COLDER ^HAN 
THE WATER PASSING THROUGH' THE- TOPSOIL. 

"B. MORE OF THE WATER PASSED THROUGH 'SUBSOIL THAN tSpSOIL, 

C. THE "SAME AMOUNT (3^ WATER PASSED THROUGH BACK, SAMPLE. 



10 
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TURN TO PAGE, Di" 



4. JOE AND.PRE?5 HAD ^HREE SAMPLES OF SOIL. .S^LE A WAS TOP- 
SOIL.^ SAMPLE B WAS S'UBSOIL. SAMPLE C ^KS SAND.. THEY . GOT 
I^JTO A DISCUSSION REGARDING WHICH OF THEIR SAMPLES, '4 OR B, 
WOULD REACT WITH -WAT]^R .koST LIKE SAMPLE C, TilE SAND, WHEN THE 
WATER HOLDING PROPERTIES OF THE SAMPJLES Wl^lRE COMPARED. THEY 
PERFORMED, AN EXPERIMENT " An6' FOUND THAT TOPSOIL HELD MORE WATER 
THAN EITHER SUBSOIL OR SAND. FROM THESE RESULTS- THEY COIJCLUDED 
THAT SUBSOILvWAS MORE LIKE SAND. WHICH OF THE FOLLOWING BEST 
EXPLAINS THEIR RESULTS? 

• ' • 

A. .TOPSOIL HAS $t&9S MATERliUi IN IT, THAT IS NOW LIVING 
, 0R« WAS ONCE ALIVE., THAN.' EITHER OF T^E OTWER'SOIL 
SAMPLES. / ■ ' . 



B. 



C-. 



THE SAND*WAS FORMED BY THE ACTION OF. WIND',' RAfN AND 
HEAT UPON ROCKS. ' 

SUBSOIL HAS PARTICLES- OF " ROCK ^N IT WHICH WERE FORMED 
BY THE INTERACTION OF ROCKS WITH BOTH LIVING AND 
NONLIVING THINGS IN THEIR -ENVIRONMENT . \ 



5. TWO SAMPLES UF THE SAME AMOUNT^ OF DIFFERENT KINDS OF SOIL 
WERE TftOROUGHLY SOAKED WITH WATER. THE TWO SOAKED SZ^PLES WERE 
WEIGHED. THEY WERE THEN PUT INT'O A WARM OVEN UNTIL BOTH 
APPEARED TO BE DRY. -THE' DRY SOIL SAMPLES WERE WEIGHED. THpiR 
DRY WEIGHTS WERE , COMPARED WITH THEIR WET WEIGHTS/Tt) FIND OUT. 
HOW MUCH THEIR WEIGHTS HAD CHANGED.' IT WAS FOUND THAT ONE 
SAMPLE LOST" MUCH MORE WEIGHT THAN THE OTHER. - WH'^CU STATEMENT 
BEST EXPLAINS WHY -THE . SOIL SAMPLES LOST WEIGHT? 

s ' . •,. ' - 

A. HEAT ENERGY CAUSED THE PARTICLES OF SOIL IN THE 
SAMPLES T(j).GET LARGER.- «• ' ' ' ' ' . 

B. "heat energy broke up THEJ PARTICLES OF SOIL AND MADE 

THEM SMALLER.' \ ^ ' - " ' ' . 

C. ^HEAT ENERGY CAUSED THE WATER' IN THE SOIL TO EVAPOlRATE. 



6. WHICH OF THE SOILS IN QUESTION 5 WAS MORE LIKE A SUBSOIL? 

■■ ' ' " ■ •• ' ^ V ■ 

A. THE ONE THAT LOST THE GREATER WEIGHT. \ 

B. THE 6m THAT LOST 'THE -LESSEK WEIGHT . 

C. CANVT TELL UNTIL YOU ^NOW HOW " MUCH* THE W]^IGHT LOSS 
WAS f 
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PART 3 



Pages E and F . . " • ' " - * ' . . 

' ' / • . 
gHave the children turn to pa^;^ E; * ^ 

1. FRESH FRUIT JUICE HAD BEEN SERVED AT A CLAffS PARTY ON., THE = 
X:^T DAY OF SCHOOL BEFORE A ONE-WEEK .VACATiEON . THE CLEAN-UP 
.COMMITTEE -.OVER-LOOKED A SMALL PITCHER CONTAINING SOME OF THE 
JUICE. WHEN THE .CLASS RETURNED TO THEIR ROOM AFTER THE- 
VACATION, SbMEONE DISCOVERED THE LE^'T-OVER JUICE. IT ,WAS QUITE 
DIFFERENT FkOM THE FRESH JUICE THEY HAD HAD AT THE PARTY. 
THERE, WAS FROTH ON TOP OF THf' JUICE. IT ^iyiE]^LED DIFFERia^T. 
THE CHILDREN SUGGESTED SEVERAL ^HYPOTHESES TO EXPLAIN WHAT HAD 
..CAUSED THE FROTH -ON THE JUICE AND ITS CHANGE . HI ODOR. WHICH 
ONE i'OF THE FOLLOWIIJG HYPOTHESES DO YOU CONSIDER BEST? , 

A, SMALL PLANTS/- SUCH AS' YEAST,, MAY HAVE GOTTEN INTO 
. • • THE -JJLJICE. . 

• ^ " ' - •., 

^ . B. SOMEONE' HAD . SHAKEN THE JUICE TO MAKE IT FROTH. 

# 

."^ C..> HEAT HJi^rCAUSED SOME OP- THE WATER FROM THE JUICE TO 

- - — EVAPORAtfi THUS. PRODUCING .TI|[E FROTH; . ■ / 



WHICH OF THE FOLLOWING' IS THE BEST EXPLANATION OF FROTH?. 

A.. FROTH IS' FORMED BY SMALL PARTICLES 6F DUST FROM TEfE 
AIR. . ■ 




• ^ B. FROTH IS FORMED BY -BUBBLES OF Q^^S . 

■ ' . , ■•./ 

C. FROTH IS MADE UP OF COBWEBS. , , • / 

• . ■• ■ : ■ . : ■ ■ ' i 

2. WHICH, ONE OF THE FOLLOWING /WOULD BE MOST CONVINCIN 
' ■ DEMONSTRATING THAT SODA "WATER CONTAINS CARBON 'DIOXIt)E? 

•■ ' ' • • ■ ' V 

A. / DRINK A BOTTLE OF SODA TO &HOW THAT IT WILL M!AKE. YOU 

■ ' / BEIjCH.'. WHEN YOU SWl^LLOW CARBON DIOXIDE IT M^ES YOU 

7 BEL^H • ^, , ^ • ^ 

*b) pass some of THe'gAS from ^ BOTTLE OF SODA' THROUGH A- 
^ • BLUE-GR^^EN SOLUTION OF AN\^TRACT FROM RED CABBAGE TO 

.SEE.IF IT TU^INS PURPLE. 

» C. SHAKEl THE BotjPLE 0F SODA TO SHOW THAT THE GAS WILL 
^ . CAUSE "the soda-water TO SCMCRT* ^ 

a 1.2 ' ■ . ' ' :■ -■ * -" •> ■ . 
ERIC ^18- ■ I • , . 
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3/: THE AVERAGE CONCENTRATION OF CARBON DIOXIDE IN THE AIR 
ABOVE THE GROUND IS GENERALLY VERY SMALL. HOWEVER, IT HA^ BEEN 
/found. THAT THE CONCENTRATION OF CARBON DIOXIDE IN THE' ASR IN 
SOIL^-IS MUCH HIGHER-. IN OTHER WORDS , THE/^IR IN SOILS HAS 
MANY' TIMES MORE CARBON DIOXIDE IN IT PER UNIT VOLUME THAN THE 
AIR ABOVE THE GROUND. WHICH OF THE FOLLOWING MATERIALS Ilf SOIL 
IS MOST LIKELY TO CAUSE THIS CONDITION?, 

A. LIVING THINGS WHICH GIVE , OFF CARBON DIOXIDE. 

I. > 

B. » PARTICL9S»0F ROCK WHICH ARE SHARP. 

• ' ''^ 

C. WATER WHICH MAKES THINGS WET. 

NOW TURN TO PACE F. • . . ' ' 

» * ' ' ' * ' 

4. WHILE DIGGING" IN THE SOIL, JIM AND ART FOUND SOME OBJECTS 
THAT LOOKED LIKE WORMS. ' HOWEVER, JPHEY DID NOT APPEAR TO BE 
ALIVE. HERE ARE SOME. QOES.TIONS THAT THE BpYg. AGREED THEY WOULD 
HAVE TO ANSWER BEFORE THEY COULD ^E MORE CSJ^IN WHETHER THE 
OBJECTS WERE ALIVE. WHICH ONE is'THE BEST QUESTrON TO ASK? 

A. WILL THEY FLOAT IN WATER? 5^ 

B. WILL THEY EAT LEAVES? 

C. DO TtiEY GIVE OFf" CARBON DIOXIDE? 



PART 4 



Page G ' ' • ^ 

For this part distribute pages G and H and have the children 
turn tQ page G. ^ 

< 

1. ■ DURIJIG PERIODS WHEN TH^RE WAS LTTTLB OR NO RAIN, ALVIN HAD 
TO WATER THE ^PLANTS AROUND HIS HOUSE TO KfeEP THEM ALIVE. HE 
NOTICED that' PLANTS ON THE WEST SIDE Of HIS HOUSE NEEDED MORE 
WATER TO KEEP THEM FROM WILTING THAN DID THE SAME KIND OF 
PLANTS ON 'the EAST SIDE OF HIS HOUSE. BOTH SIDES OF THE HOUSE 
RECEIVED THE SAME AMOUNT. QF SUNLIGHT ' DURING THE DAY. AT REG- 
ULAR TIMES DURING THE DAY HE .HAD ■ CHECKED THE AIR TEMPERATURE 
(iN THE SHADE) IN BOTH LOCATIONS AND FOUND THAT THE RANGE IN THE 
AIR. TEMPERATURE THROUGHOUT THE DAY WAS ABOUT THfe SAME. SINCE 
DIE^ElteNCES IN AIR TEMPERATURE DID NOT ARPEAR TO BE^THE CAUSE, 
WHICH W THt; FOLLOWING WOULD BE THE NEJXT MOST "LIKELY CAUSE? 
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♦A. .DIFFERENCES IN. THE KINDS OF' SMALL ANIMALS THAT LIVE' 
ON THE PLANTS* ' ' . . > 

.B.';\J)IFFERENCES" IN THE MOVEMENT OF\\lR AROUND THE PLANTS, 

•C; DIFFERE^fCES IN THE AMOUNT OF 'c\rB0N DIOXIDE IN THE 
AIR AROUl^D THE PLANTS.' 



DING THEM^ WHICH 
R HOODS REDUCE WATER 



2. WHEN YOUNG CABBAGE PLANTS ARE TRANSPIJANTED FROM. SMABL POTS 
TO.JCHE GARDEN, PAPER CAPS OR l!OODS ARE GENERALLY'' PLACED OVER " 
THE SMALL PLANTS, THEY ARE LEFT IN PLACE \OVER THE PLANTS FOR 
SEVERAL DAYS. - THIS IS DONE. TO KEEP THE YOpNG PLANTS tROM LOS- 
ING TOO MUCH WATER VAPOR TO THE AIR SURRO 
OF THE FOLLOWING BEST EXPLAINS HOW THE^PAP 
LOSb^ FROM .YOUNG PLANTS? 

A . REDUCES , THF. MOVEMENT .OF AIR" AROUND \tHE PLAN 

B. KEEPS THE RELATIVE ^HUMIDITY OF THE AIR AROUND 'tHE'' ' 
vPLANTS 'high. - » ' i!-.' a ^ 

C. BOTH OF THESE .COULD EXPI>lIN HOW THE ^ER HOOb^ WOBK. 



3. JANICE' AND- MURIEL DID AN EXPERIMENT* TO FIND\oUT WHICH 
PLANT, A SMALL PINETREE OR A GERANIUM' PLANT ABOUT THE SAME 
HEIGHT, LOST MORE WATER TO THE AIR SURROUNDING IT. (THEY 
OBTAINED' POTTED PLANTS OF ABOUT THE SAME SiZE. ' tIHEY WATERED ' 
BACH PLANT WELL. - NEXT, THEY COVERED 'THE . POTS AND & 'SOIL WITH 
PLASTjEC. ,THEN, fte SECURELY, TIED A PLASTJC BAG OVER THE STEMS 
AND^ LEAVES OF EACH PLANT AND PLACED THE TVfO PLANTS \jEAR A r. 

Window, after 12 hours they examined their plants and found* 
that a- great deal of water had condensed on ^e inside of the ' 
plastic bag .covering ^the geranium plant.., however, hardly ajny 
water sad condensed inside the -bag covering the little: pinetree 
j^ice was curious as to why the g^hran^um plant lost more water 
than the pinetree. th£ following aret some ideas that she^ 
thought 'about. which. one is" the best- explanation -of wh^ the 

GERANIUM^ LOST MORE WATER? 

A. THERE WAS MORE WIND AROUND tHE GERANIUM • PLANT . 

B. GERANJUM LEAVES ARE LARGjER AND BROADER THAN PINE ^ 
I, NEEDLES . • • • ' ■ s ^ 

C. PINE NEEDLES ARE SHARPER THAN GERANIUM LEAVES.' 



NOW TURN'- TO PivGE H. 



{ 
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4. DARRELL^HAS OBSERVED THAT THE POTTED PLANTS IN HIS ROOM • 
•REQUIRE MORE WATER IN THE SUMMER, ON THE DAYS WHEN 'THE AIR 
CONDITIONIN0 EQUIPMENT IS OPERATING THAN. WHEN IT 'iS NOTT HE 
HAS AL§P-^SERVE'd- that HIS PLANTS REQUIRE MORE WATER IN COLD 
WEATHER WHEN THE HOT-AIR FURNACE "IS OPERATING.^ WrflCH , OF ^HE 
FOLLOWING BEST EXPLAINS WH^ DARRELL'S PLANTS REQUIRE MORE WATER 
.UNDER THESE CONDITIONS? " ■ - • . 



A. PLANTS LOSE MORE WATER WHEN THE RELATIVE HUMIDITY- IS 
LOW THAN WHEN IT IS HIGH. 

B. PLANTS LOSE MORE'WJ^TER WHEN THE TEMPERATURE IS LOW 
THAN WHEN IT IS HIGH. _ . < ' ' 



C. PLANTS LOSE. MORE WATER WHEN THE AIR IS MOVING 
WHEN 'IT 'IS- STILL. 



5.1 IN A GREENHOUSE, /PLANTS DO. NOT GENERALLY 'REQUIRE AS MUCH 
WATER AS THEY WOULD OUT OF DOORS .\ WHICH OF THE -FOLLOWING BEST 
EXPLAINS WHY THIS I^Y BE. SO? ' *" . v / 

A. THERE rS\LESS MOVEMEKW^-OF AIR IN8IDE THE ftj^ENHOUSE 
■ ; THAN OUT 'OF DOORS . ^ . ' ^ 

B. ^ THE- RELATIVE HUjyiiai^Y INSIDE THE GREENHOUSE IS 
USUALLY HIGHER' '.THj&IXiUT OF DOORS.' 

C. ^ BOTH OF THESE AR]ff'- GOOD .EXPJANAT IONS . 



PART 5 



Page I ; . , . • i 

Distribute pages I -and j'anfl have the children turn .to pa^ge I. 

■ _ ^ ; ' ^ ■■ • 

I. PHIL HAD NOTICED THAT AFTER A IJEAVY RAIN .THERE WOUIiD BE* 
MANY earthworms on the SIDEWALK IN FROlill OF HIS IlO^SE.' ONE , • 
DAY~IN,HIS SCIENCE CLASfr^E ASKED THE TEACHER WHY THIS HAPPENED. 
THE' TEACHER DID NOT 'ANSWER HIM DIRECTLY BUT ASKED ^PHE CHILDREN *' 
IN THE CLASS TO SUGGEST POSSIBLE EXPLANATIONS ,0R HYPOTHESES. 
MANY HYPOTHESES WERE SUGGESTED. THREE ARE LISTJED BELOW. 
Wl^ICH ONE SEEMS MOST REASONAB.LE? 
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A. EARTHWO^S MOVE OUT* OF THE SOIL "WHEN IT BECOMES 
SOAKED WITH WATER. 

✓ B. SOMETIMES WHEN IT RAINS, 'JT RAINS BARTHW0lb4S<' © 

\ C. WHEN THE SOIL IS WET BIliDS- MORE IBAS-ILY REMOVE THE 

EARTHWORMS . . '\ ^ ' ' l' 

„^ • , ^ '^X ' 

2. WHEN BUDDING TWIGS ARE CUT FROM .LEAPiiESS-^USHE^ IN THE 
WIN^-ER TIME, PLAC^ IN WA'i'ER, AND KEPT INDOORS THE BUDS SOON ' 
DEVE;L0P into leaves- or flowers . WHICH 'PR- THE FOLLOWING BEST - 
* ■• EXPLAINS WHY THE BUDS DEVELOP FASTER INDOORS? 

.A. TH^ TEMPERA^TURe" IS HIGHilR INDOORS THAN OUTBObRS. 

. « B./ THERE IS MQRE WAJER INi)OORS THAN OUTDOORS. 

; C. THERE 'IS MORE LJGHT INDOORS THAN OUTDOoW . 

* 3 . WHAT. DO YOU EXPECT WOULD HAPP-W TO THE VEto SMALL ANIMALS' 
IN SOIL NEAR THE SURFACE WHEN IT DRIES' OUT^AND BECOMES HEATED 
BY THE SUN? r-^ ' ■ ' . , . 

A. - THE. HEAT AND LACK OF MOISTURE WOULD KIEL ALL OF THEM. 

B. " MANY WOULD MOVE" DEEP'^R INTO T^E SOIL WHERE IT' IS 

..COOLER AND MO'RE MO'lSi?;'- i " ' = . .-. ' , 

. , •• C- THEY WOULD MOVE TO THE^URFACS WHERE THEY Q3ULD FIND 
. SijADE AND MOISTURE. - ' • * 



ERIC 



4. IF ALL .AIR WERE REMOVED FROM A LARGE ' SAMPLfe^^OF SOU,"/ WHAT 
WOULDV HAPPEN TO THE THOUSANDS OF SMALL ANIMALS IN IT? 

' V • • . ' • ' ~ • . N 

A. -. THEY WOULt) PRODUCE . raEIIi 'OWN AIR FROM -THfi /CARBON " • 
DfOXIDE • THEY GIVE OfI',. 

6. NOTHING WOULa HAPPEN O^O THEM SINQE 'THEY ARE 'SO ^ 
S^MALL. « • , ■ --'^ 

C. .THEY WOULD DIE BECAU^'THEY NEED OXYGEN IN ORDER TO* 
•LIVE. ♦ ' ■ ■ 
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NOW TURN TO PAGE J." ' •' . ^ • 

,54 - WHICH OF "THE FOLLbWING COMBItJATIONS OF FACTORS BEST DES- 
^■GRIBES A -SUITABLE SOIL ENVIRONMENT FOR- SMALL ANlitALS? • 

A. LIGHT, WARM, 'dry.. ^, 

B. DARK, MOIST, HOT. ' . ■ . •> 

C. ■ MOIST4 DARK, WARM. . . ' 

- . .1 • * -.. . ' / • ' 



} 



/ 



•t' * * Name: - Page A 

^ — 

!• .WHEN JANICE EXAMINED A PINCH OF SOIL WITH A MAGNIFYING jSLASS SHE 
FOUND SMALL PARTICLES OF MATERIAL THAT LOOKED LIKE FINE ^AND. WHICH OF4B 
THE FOLLOWING BEST EXPLAINS HOW THE t>ARTICLES MAY HAVE BECOME A PART OF 
THE SO^L? . , ' ^ ' ^ 

A. THEY WERE PRODUCED WHEN ROCKS WERE BROKEN UP* ' • • 

B. Tlb;^ CAME FROM LIVING THINGS IN THE SOIL, ^ ' 

THEY WERE ALWAYS A PART OF HUE SOIL* ' ^ • ^ 

^ < < * 

2,. IN CERTAIN PLACES ROCKS ARE COVERED WITH GREEN CRUST-LIKE PLANTS 
[CALLED LICHENS. IF YOU REMOVED A PIECE OF THE CRUSTY LICHENS FROM A | 
fROCK? WHAT WOULD VOU BE MOST SURE TO FIND UNDERNEATH IT-? '' ^ - 

A. OTHER SMALL PI5aNTS. ' . ^ 

B. SMALL PIECES, OF ROCKS.- ^ 

C. SOLID ROCK. '1 ^ . 

3. ROCKS ARE. FOUND ALL OVER THE EARip . THEY ARE FOUND IN PLACES WHER6 
THE RAINFALL IS HEi^VY. THEY ARE FOUND IN .PLACES WHERE THERE IS VERY 
LITTLE RAINFALL. V^HICH OF THE FOLLOWING BEST DESCRIBES HOW ROcks "IN . . 
PLACES WHERE "THERE IS HEAVY RAINFALL MAY' BE DIFFERENT FROM ROCKS' IN 
PLACES WHERE THE RAINFALL IS MUCH LESS? 

r - . 

• A. SINCE ROCKS ARE . VERY HARD THERE WOULD BE LITTLE DIFFERENCE. 

(V- 

B. WHE51E RAINFALL IS LESS,, ROCKS W06lD BE DAlUCER, 



C. WHERE RAINFALL IS HEAVY ROCKS WOULD HAVE WORN AWAY MORE 



4. IN SOME PLACES THERE ARE MANY LARGE ROCKS IN THE SOIL. WHICH- OF THE- 
FOLLOWING BEST DESCRIBES WHAT IS HAPPENING ,T0 SUCH ROCKS? " • ^■ 

A. THEY ARE SLOWLY BECOMING SMALLER. ' • 

B. THEY ARE SLOWLY BECOM^ENG HARDER. • . 

C. THEY ARE, SLOWLY BECOMING LARGER. ' , ' *> . ' 
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5t ' TWO SAMPLES OF SOIL fiRE EXAMINED BY SOME CHILDREN.. ' ONE IS A LIGHT- 
COLORED' SOIL THAT FEELS ^lOUGH. THE OTHER IS\a DARK-COLORED SOIL THAT 
FEELS LESS ROUGH* WHICH OF THE FOLLOWING BEST EXPLAINS THE DIFFERENCE 
IN THE^ SOILS? . " . ' \ . ^ ' ^ ^ . 

' A. SOILS 'ARE MIXTURES ^O^' LIVING^ Al^D NONLIVING MATERIALS. 



B. 



C. 



SOME SOILS MAY HAVE MORE MATERIAL FROM LIVING THINGS IN TljlEM 
THAN OTHER SOILS."' ' ^ ' ' 



T&i 



SOILS ARE FORMED. BY THE INTERACTION OF ROCKS WfTH THEIR 
ENVIRONMENT. ^ / ■ 



J 



\ 



Name: 



Page C ' 



1. MORRIS AND LOIS .EXAMINED -TWO SAMPLES OF SOIL. ONE WAS *LABELED . 
SAMPLE//} AND THe'oTHER SAMPLE S. SAMPLE A WAS A DARKER -COLOR THAN , ' 
SAMPLES AND HAD. MORE PIECES OF DEAD. LEAVES , STEMS AND ROOTS IN IT. 
WHEN WATER WAS POURED Tp^QUGH EQUAL AMOUNTS OF EACH SOIL SAMPLE,^ 
SAMPLE A ABSORBED MORE WATER THAN SAMPLE : BASED UPON THE ABOVE OBSER- 
VATIONS WHICH OF THE FOLLOWING WOULD ^0\2 SELECT AS' BEING THE-BEST STATE- 
MENT REGARDING THE ^IIFFERENCE^ IN. THE TWO' SOIL SAMPLES? 

• A. < BOTH SAMPLE A AN.d" SAMi>LE B WERE FORMED BY THE INTERACTION OF 
< . ■. ROCKS WITH THEIR ENVIRdi^MENT. . . ' '■'^^^fi'' ' 

. 'B.^ SAMPLE A CONTAINS- ONLY LIVING THINGS AND SAMPLE B CON'SftitNS ^ •. , 
• ■ "ONLY PARTICLES OF ROCK.,.,!-. . . . , ' - . .V ' ' 

- -/ - « . ^ _ . _# ,• . . _ • 

C , ; SAMPLE B \» PROBABLY ,.<A SAMPLE OF SUBSOIL AND SAMPLE A IS* 
:.">ROBABLY A -SAMPLE QP TOPSOIL. ' • ~ , - * . 

' ■-■ ^ • . 

2 . JANET AND ELIZABETH WERE GIVEfJ TWO SAMPLES OF SOIL -THAT HAD BEEN 
REMOVED FROM THE SAME FIELD. AFTER THEY HAD CAREFULLY EXAMINED THE T^ 
SAMPLES, Tl^feY HYPOTHESIZED THAT ONE SAMPLE WAS SUBSOIL AND THE OTHER 
WAS TOPSOIL. ' .IF THEIR HYPOT^IESIS WAS CORREQT, WHAT COULD. THEY EXPECT 
TO HAPPEN IF THE SAME NUMBER OF BEAN SEEDS WERE PLANTED' -IN EACH SAMPLE 

- AND 'BOTH SAMPLES WERE GIVEN THE SAME -AMOUNT OP -WATEJl? . " , \ 



A. 
B. 



THE ■BEAl"^ SEEDS WOULD NOT GROW SUBSOIL. ' . ^ ; 

THE BEANS IN SUBSOIL WOULD, GROW 3ETTEJI .THAN' THE*. BEANS' IN 
TOPSOIL. . * - ■ ' j 

THE BJE:A*S ' IN" TOPSOIL WOULD_ GROW BETTER THAN THE BEANS IN 
SUBSOIL. , . ' ■ ' ' • ^ • 



\ 



3. REREAD THE FIRST PART OF. ITEM, 2, ABOVE. JAN^T AND ELIZABETH DECID 
ED TO TEST THEIR HYPOTHESIS BY ,ANDTHER METHOD. THIS WAS Tp BE pONE BY 
PUTTING Tift: SAME AMOUNT OF EACH SAMPLj; OF SOIL IN EACH OP TWO PAPER 
CUPS WHICH HAD. SMALL HOLES IN THEIR BOTTOMS . ' l!hlp EACH PAPER CUP Tfl^ 
SAME AMOUNT OF WATER WAS POURED. THE WATER THAT PASSED " THROUGH EACHV 



SAMPLE Was collected and compared, 
results'? 



WHAT WOULD YOU :?XPECT TO BE THE 



A. 
B. 



THE WATER PASSING THROUGH THE SUBSOIL WAS COLDER THAN THE 
Wi^EK PASSING THROUGH THE TOPSOIL. • , * 



J 



MORE OF THE WATER PASSED THl^OUGH SUBSOIL^ THAN TOPSOIL , 

THE SAME Amount* OF water-^passed through each sample. 



T 
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4. JOE AND^FRED HAD. THREE SAMPLES OF SOIL. SAMPLE, /I WAS TOPSOIL. 
SAMPLE B WAS SUBSOIL. SAMPLE" C WAS SAND. THEY GOt' INTO A DISCUSSION 

regarding which of their samples, a or b , would react with, water most 
lj:ke sample c, the sand, when the water holding properties* of the 
samples were compared. they performed an experiment and found that 

TOPSOIL HELD MORE WATER THAN EITHER SUBSOIL OR' SAND. FROM THESE . 
RESULTS THEY CONCLUDED THAT SUBSOIX WAS ^MORE LIKE SAND^ WHICH OF THE 
FOLLOWING' BEST EXPLAINS THEIR RESUI?^S? 



A. TOPSOIL HAS MORE MATERIAL IN ^T , THAT IS NOW^X^JfelG OR WAS 

>L^. 



ONCE ALIVE, THA^ EITHER OF THE OTHER SOIL SAMPLl 



B. THE SAND WAS FORMED BY THE ACTION OF 'WIND, RAIN; ANT) HEAT 
UPON ROCKS. 

.«C. sbj&SOIL HAS PARl-ICLES OF ROCK IN IT WHICH WERE FORMED BY 

THE INTERACTION OF ROCKS WITH BOTH LIVIfifi-Jtt^trTiONLIVING THINGS 
IN THEIR environment! ' * ^ 

'5. TWO' SAMPLES OF THE SAM^i^^NT OF* DIFFERENT KINDS OF SOIL WERE 
•r|IOROUGHLY SOAKED WITH WAT|;R^ _THE TWO SOAKED SAMPLES WERE . WEIGHED . 
THEY WERE THEN PUT INJPO A^ WARM O^fiS UNTIL BOTH APPEARED TO . BE DRY* 
THE DRY SOIL SAMPLES WERE WEIGHED. THEIR DRY\ WEIGHTS WERE COMPARED 
WITH THEIR WET WEIGHTS TO. FIND OUT HOW MUCH THEIR WEIGHTS HAD CrfAl^GED. 
IT WAS FOUND THAT ONE SAMPLE LOST MUCH MORE WEIGHT THAN THE OTHER. 
WHICH STATEMENT BEST EXPLAINS WHY THE SOIL SAMPLES LOST WEIGHT? 



A. HEAT ENERGY CAUSED THE PARTICLE^ OF SOIL IN THE SAMPLES TO 
. ' GET. LARGER. 



B. HEAT ENERGY BROKE UP THE PARTICLES OF SOIL AND MADE THEm'^ 
SMALLER. ^ . *' ^ 

C. HEAT ENERGY CAUSED THE WATER IN THE SOIL TO EVAPORATE. 

•6. WHICH OF THE SOILS IN QUESTION 5 WAS MOfeS LIKE A SUBSOIL? 
' A. THE ONE T^AT LOST THE GREATER WEIGHT'*- - 
B. THE ONE THAT LOST THE LESSER WEIGHT, > 

^ c. canCt tell Until you know how much the weight loss was. 



4A 
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1. -FRESH FRUIT JUICE H7U) BEEN SERVED AT A CLASS PARTY ON THE LAST DAY 
'OF SCHOOL BEFORE A ONB-WEEK VA^CATION. THE CLEAN-UP COMMITTEE OVER- \ 
LOQKED A SMALL PITCHER CONTAINING SOME OF THE JUlt?. ,WHEN THE CLASS ^ 
RETURNED TO THEIR ROOM AF.TER THE VACATION, SOMEONE DISCOVERED THE LEFT- 
OVER JUICE. IT WAS QUITE DIFFERENT FROM -^HE FRESH JUICE THEY*HAD HAD 
AT THE PARTY. "'THERE WAS FROTH ON TOP OY THE JUICE. IT SMELLED DIF- , " 
ERENT. THE CHILDREN SUGGESTED SEVERAL HYPOTHESES TO' EXPLAIN WHAT HAD 
CAUSED THE. FROTH ON THE JUICE "AND ITS CHANGE IN ODOR. WHICH ONE OF" 
THE FOLLOWING HYPOTHESES DO YOU CONSIDER BEST? 

A. SMALL PLANTS, SUCH AS YEAST, MAY HAVE GOTTEN INTO THE JUICE. 

B. SOMEONE HAD SHAKEN THE JUICE' TO MAKE IT FROTH. 

C. HEAT HAD CAUSED SOME OF THE WATER FROM THE JUICE TO EVAPORATE, 
THUS PRODUCING THE FRQTH. 



WHICH OF THE FOLLOWING IS THE BEST EXPLANATION OF FROTH? 

A. FROTH IS FORMED BY SMALL PARTICLES OF DUST FR0M'»THE AIR. 

b'. froth is formed by bubbles of gas. 
, c. f\feoth is made up of cobwebs. 

2. WHICH ONE OF THE FOLLOWING WOULD Be' MOST CONVINCING IN DEMON- 
STRATING THAT SODA WATER CONTAINS CARBON DIOJClDE? 

A. DRINK A BOTTLE OF SODA TO SHOW THAT IT WILL MAKE YOU BELC^ . 
WHEN YOH SWALLOW CARBON DIOXIDE IT MAKES YOU BELCHv , 

B. PASS SOME. OF. THE GAS 'FROM A BOTTLE OP SODA, THROUGH a' 
BLUE-GREEN SOLUTION OF AN EXTRACT FROM RED CABBAGE TO 'SEE 
IF IT TURNS PURPLE. *" _ , - 

C. SHAKE THE BOTTLE OF SODA TO SHOW THAT THE GAS WILL CAUSE 
THE SODA WATER TO SQUIRT. 

3. THE AVERAGE COlfCENTRATION OF CARBON DIOXIDE IN THE AIR ABOVET^ THE 
GROUND IS GENERALLY VERY SMALL. HOWEVER, IT HAS BEEN FOUND THAT, THE 
CONCENTRATION OF CARBON D^IOXIDE IN THE AIR IN SOILS IS MUCH HIGHER. ^ 
IN OTHER WORD'S THE AIR IN SOILS HAS MANY. TIMES MORE CARBON DIOXIDE 
IN IT PER UNIT VOLUME THAN THE AIR ABOVE THE GROUND. WHICH OF THE 
FOLLOWING MATERIALS IN SOIL fS MOST LIKELY TO CAUSE THIS CONDITION? 
■ . ■ > ^ ■ '• _ * 

A. living' THINGS WHICH 'GIVE- OFF CARBON DIOXIOE. 

B. PARTICLES OF- ROCK WHICH ARE SHARP. , " 

% 'C. WATER WHICH MAKES THINGS J7ET..,. 

'I , . ' 
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4. WHILE nJiGGING IN THE SOIL JIM AND ART FOUND SOME^ OBJECTS THAT 
LOOKED LIKE WORMS. HOWEVER, THEY DJD NOT APPEAR TO BE ALIVE.. HERE 
ARE SOME QUESTIONS" THAT THE BOYS AGREED THEY WOULD HAVE TO ANSWER BE-- 
FORE THEY COULD BE MORE CERTAIN WHETHER THE OBJECTS WERE ALIVE. WHICH 
- ONE IS THE BEST QUESTION TO ASK? 

. ' A.. WILL THEY 'float IN WATER? 

B. WILL THEY EAT LEAVERS? ' , . ^ 

C. DO THEY GIVE OFF CARBON DIOXIDE? ' * 




Namei 



1. DURING PERIODS WHEN THERfi WAS LITTLE OR NO RAIN,»ALVIN HAD TO 
WAJER THE PLANTS AROUND HIS HOUSE TO " KEEP THEMALIV^. HE NOTICED THAT 
PLANTS ON THE WEST SIDE OF HIS HOUSE NEEDED MORE WATER TO KEEP THEM 
FROM WILTING THAN DID THE SAME KIND OF. PLANTS ON. THE EAST SIDE OF HIS 
HOUSE. BOTH SIDES OF THE HOU'SE RECEIVED THE SAME AMOUNT OF SUNLIGHT 
DURING THE DAY. AT REGULAR TIMES DURING THE DAY "HE HAD CHECKED THE 
AIR .^EMPERATURE (IN THE SHADE) IN gOTH LOCATIONS AND FOUND THAT THE 

■RANGE IN THE AIR TEMPERATURE THROUGHOUT THE DAY WAS ABOUT THE SAME. 
SINCfe DIFFERENCES IN AIR TEMPERATURE' DID NOT APPEAR TO BE THE CAUSE. 
WHICH OF THE FOLLOWING WOUliD BE THE NEXT .MOST LIKELY CAUSE? 

A. DIFFERENCES IN THE KINDS OF SMALL itolMAL^THA.T™IxX^-iN THE 
PLANTS. / = , *' 

J ■ 'N. ■ . 

B. DIFFERENCES IN THE MOVEMENT OF AIR AROUND THE PLANTS. ^ 

*C. DIFFERENCES IN THE AMOUNT ,0F CARBON /)10XIDE IN THE AIR* " r 
AROUND THE PLANTS. ' / 

2. WHEN YOUNG CABBAGE PLANTS ARE TRANSPL^TED PROM SMAL^L POTS TO THE- 
GARDEN, PAPER CAPS OR HOODS ARE GENERALLY'^'^BLACED OVER THE SMALL PLANTS. 

^THEY ARE LEFT IN PLACE OVER THE PLAJ^O'S f6r SEVERAL DAYS. THIS IS DONE. 
TO KEEP THE YOUNG PLANTS FROM LOSING* .TOO MUCH WATER VAPOR TO THE AIR ] 
SURROUNDING THEM. WHICH OF THE FOLLOWING BEST EXPLAINS HOW THE PAPER 
HOODS REDUCE WATER LOSS FROM YOUNG PLANTS? , ■ 

A. REDUCES THE MOVEMENT OF AIR AipUND THE PLANT. 

B. KEEPS THE RELATIVE HUMIDITY OF THE AIR ARQUND TfiE PLANTS HIGH. 
'C. BOTH OF THESE COULD EXPLAIN. HOW THE PAPER HOODS WORK.^ 

• .'^ C 

3. JANICE AND MURIEL DID AN EXPERrMENT >T0 FIND OUT WHICH PLANT, A 
SMALL PINETREE OR A GERANIUM PLANT ABOUT THE SAME HEIGHT, LOST MORE/ 
WATER TO THE AIR SURROUNDING IT. THEY OBTAINED POTTED PLANTS OF ABOUT 
THE SAME SIZE. THEY WATERED EACH PLANT W^LL. NEXT THEY COVERED THE, 
POTS AND THE -SOIL- WITH PLASTIC. TREN, THEY- SECURELY TIED A PLASTIC 
BAG OVER THE STEMS AND LEAVES OF EACH PLANT AND PLACE;D THE TWO PLANTS " 
NEAR A WINDOW. AFTER 12 HOURS THEY EXAMINED THEIR' PLANTS AND FOUND ^ 
THAT A GREAT DEAL OF WATER HAD CONDENSED ON THE INSIDE OF THE PLASTIC 
BAG COVERING THE GERANIUM PLANT. HOWEVER, HARDLY ANY WATER HAD CON- 
DENSED INSIDE THE BAG COVERING THE LITTLE PINETREE. JANICE WAS CURIOUS 
AS TO WHY THE GERANIUM PI^T LOST MORE WATER THAN THE PINETREE. THE 
FOLLOWING ARE SOME IDEAS THAT SHE TSiOUGHT ABOUT. WHICH ONE IS THE BEST 
EXPLANATION OF WHY THE GERANIUM LOST, MORE WATER? 

A. THERE WAS MORE WIND AROUND -THE GERANIUM PLANT. 

' B. GERANIUM LEAVES ARE LARGER 'AND BROADER THAN PINE NEEDLES. 

C. ^ PINE NEEDLES ARfe SHARPER Tiy^N GERANIUM. LEAVES . 
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4. .DARRELL HAS' observed THAT THE POTTED PLANTS IN HIS ROOM REQUIRE 
MORE WATER, IN THE RUMMER, ON yHE DAYS WHEN Tl^E AIR-CONDITIONING EQUIP- 
MENT IS OPERATING ttiAN WHEN IT IS NOT. HE HAS ALSO OBSERVED THAT HIS- 
PLANTS REQUIRE MORE WATER IN COLD WeItHER WHEN THE HOT-AIR FURNACE IS*' 
OPERATING. WHICH OF THE FOLLOWING BEST EXP-LAINS, WHY DARNELL'S PLANTS 
REQUIRE MORE WATER UNDER THESE CONDITIONS? - ' 

A. PLANTS LOSE MORE WATER WHEN THE REteW^IVE HUMIDITY IS ^LO^ 
. THAN WHEN IT -IS HIGH. ^ v * ' ^ 

B. PLANTS LOSE MORE WATER WHEN THE .TE^4PERATURE IS LOW THAN WH^N 
' ^ ^ IT IS HIGH. 

C. PLANTS LOSE MORE' WATER WHEN THE AIR IS MOVING THAN WHEN IT' 
\ IS STILL. ' ... . / ' 



5., in a greenhouse, plants do, not generally require as much water as 
they would out of doors. which or the following .best explains why ' 
^his may be so? * ' 

"a. there is less movement of air inside the greenhouse than 

OUT of doors. . • 

-B. THE RELATIVE HUMIDITY INSIDE THE GREENHOUSE IS USUALLY HIGHER 
THANIOUT OF DOORS. ' * . 

C. BOTH OF THESE ARE GOOD EXPLANATIONS. 
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WOULD BE MANY EARTH - 
DAY IN HIS SCIENCE 



1. , PHIL HAD noticed' THAT. AF.TER A HEAVY RAIN THERE 
WORMS ON THE SIDEWALK IN'^'FRONT OF HIS' HOUSE. ONE 

CLASS HE ASKED THE TEACHER WHY THIS HAPjPENED. ^ THE| TEACHER DID NOT • 
AN^ETR him directly but ASKED THE CHILDJ^N IN THE CLASS TO SUGGEST POS- 
SIBIjE^XPLANATIONS or hypotheses. many hypotheses; were SUGGESTED. 
THREE ARE LISTED BELOW. WHICH ONE 'sEEMS MOST REASONABLE? 

. A,' EARTHWORMS MOVE OUTyOF THE SOIL WHEN IT BECOMES SOAKE&^X'^Wf 
.WATE.R. ^ /■ ' A ■ I ^if, 

.B.- SOMETIMES WHEN IT RAINS^ IT RAINS EARTHWORMS.' / 

C. ' WHEN THE SOIL Ig WET BIRDS' CAN MORE EASILY 'IREMOVE THE EARSHOT 
" WORMS . ' . _ . \ . > ' • / 

■ ; • : '•' ■ ■ ■ • - ■ 

2. WHEN PODDING TWIGS ARE CUT FROM LEAFLESS BUSHES IN THE WINTER TIME, 
PLACED IN WATER, AND KEPT INDOORS, THE BUDS SOON DEVELOP *INTO LEAVES 
OR FLOWERS. WHICH OF THE FOLLOWING BEST EXPLAINS WHY THE BUDS DEVELOP 
FASTER INDOORS? 

A. THE TEMPERATURE IS HIGHER INDOORS THAN OUTDOORS. 

B. THERE ':iS MORE WATER 3;ND00RS TiIaN OUTDOORS. * , ' 

C. THERE IS MORE 'light INDOORS THAN OUTDOORS. ' . 

3. ■ WHAT DO YOU EXPECT WOULD HAPPEN TO THE VERY SMALL ANIMALS IN SOIL 
NEAR THE SURFACE WHEN IT- DRIES OUT AND BECOMES HEATED BY THE SUN? 

A. .THE. HEAT *AND LACK OF MOISTURE* WOULD KILL ALL OE; THEM. 

B. -MANY WOULD riOVE DEEPER ;I]^JTO. THE SOIL WHERE IT IS COOLER 
' AND MORE MOIST. > * 

Q. . "^^Y WOULD MOVE TO TfiE SURFACE WHERE THEY COULD FIND SHADE 
AND MOISTURE. ' ^ " . 

N . ^ V ^ . - • 

,4. , IP* ALL AIR WERE REMOVED FROM A LARGE SAMPLE OF SOIL, WHAT WOULD 
HAPPEN TO THE 'THOUSANDS OF SKALL ANIMALS IN IT? 

<. •* - 

X. THEY WOULD "PRODUCE THEIR OWN AIR FROM THE CARBON DIOXIDE 
THEY GlVfe^ OFF. 

>^ 

. ' B. NOTHING WOULD HAPPEN TO THEM SINCE THEY ARE SO SMALL. 
• , ' i> 

C. ^T'HEY WOULD DIE BECAUSE" THEY NEED OXYGEN -IN ORDER TO LIVE. 



Page'ii; 



5. WHICH OF THE FOLLO^ITWJ. CCMBtNATIONS OF FACTORS 'feEST DESCRIBE A 
SUITABLE SOIL ENVIRONMENT FOR SJ4ALL ANIMALS?, 



A. LIGHT, WARM, DRY, 

B. DARK, MOiST, HOT. 

C. MOI^T, -6aRkT WARM; 
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Minisequence II 

Energy and Hy<irate iSoncIs 

Screendikg^ Assessments 

The foirowing concepts were developed in this Minisequen^ce aira 
tested ii} these assessments: * 

a» H-eat energy tha-t is absorbed by an apparently dry solid 
salt may drive off wa-ter molecules that were bonded to 
the salt molecules. 

b. The bonds between water molecules and .tbe salt molecules 
in a crystalline structure may be broken^when heat energj^- 
is absorbed. * ^ <f * - 

f ; ' - : ' ' 

c . The heat energy that is absorbecl (used) to break bonds . 
holding wa-ter molecules in a hydrated salt are released 
when the bonds r^-form. 



The anhydrous form of a solid salt, -(the salt minus' its 
bonded, water mole^cules) possesses more energy jthan the 
hydrated form (the sdlt with the bonded water). .This 

xtra energy is- given *off in the form qf ,heat energy when 
the hydrate bonds are formed. 

V 

e. The heat energy that is absor'bed to break bonds between 
molecules wrll be released when the bonds re-form-. 

r , > * ^ , " . 

f. When solid salts interact with water to form a solution, 
the teiijperature may increase :^^f hydrate bonds form during 
the interaction. . -"^^BtV 

g. ^ When solid salts interact with water to toTTSi a solution, 

the temperature will decrease If hy^^ate bonds do not form 
(or are- already formed), and heat energy is absor^bed in. 
breajcing the bonds holding 'the moleculei^ within the solid 
structure. 
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^IINISEQUENCE it,' ASSESSI?ENTS 



There are fo.tir parts to this ^sses^ment. Distribute' all 
assessment pages to' the children or, -you may wish to. distribute 
each part separately. Have the children put ^heir ndmes -in 
th,e , appropriate _pl*pes. The assessments should take about > • 
30 minutes to administer. 



PART 1 



Page A ;* • ' 

Ask the childi^en to turn to page A. * ' ^' 

HERE ARE SOME QUESTIONS WITH THREE POSSIBLE ANSWERS EACH. READ 
EACH QUESTION AND ITS ANSWER SILENTLY *WHILE I READ THEM ALOUD. 
AFTER I HAVE FINISHED, YOU WILL HAVE A SHORT TIME TO SELECT 
YOUR CHOIPCE AND CIRCLE THE BETTER IN FRONT OF IT. (Allow 
about: JP^seconds fpr each choice. If -you think it helpful to 
'the childor.en, read each quefetion again as th^y select their 
choice.) . \ ^ 

.1. 'a dry GP^EN salt is heated in a test TUBE\ . DROPS OF WATER' 

appear. in the upper part of the tube. the , solid hhi the bottom 
6f the tube changes color, water probably can come from the • - 

DRY salt because THE" flEAT ENERGY 'ABSORBED BY THE GREEN SALT HAS 

A. ' DRIVEN OFF WATER THAT IS BONDED TO' THE SALT. 

B. CAUSED WATER TO BE ABSORBED' FROM THE AIR: 

C. CAUSED THE TOP OF THE TUBE TO GET HOT. 




2 . WHE^ WATER TS 'ADDED SALT IN WHICH ITS BONDED WATER HAD 

BEEN REMOVED: ... 



IHEAT ENERG^' 



A. IHEAT ENERGY IS GIVEN OFF. 



b;. li 

C. I NOTHING HAPPEN^. 



HEA'T ENERGY IS ABSORBED.^ 



3. WHEN HEAT ENERGY Is\dDED TO HYDRATED SALTS (WITH. BONDED 
Wi^TER MOLECULES) IT IS m6sT PROBABLE THAT: 



/ 



/ 
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A. THE HYDRATE BONDS' HOLDING' THE WATER T'O fHE SALT ARE 
' . STRONGER THAN THE SALT-TO-"SALT BOfjDS . 

'"■ • • , 

B. THE SALT'wiLL MELT BEFORE. THE HYDRATE BONDS HOLDING 
» • . THE WATER TO THE SAL* BRE^.. - '' 

* ^ ^ 

. C. THE HYDRATE BONDS HOLDING THE WATER TO ^HE ^ALT WILL 
GENERALLY BREAK BEFORE; THE *• SALT MELTS. 



Have the children turn- to pafge B 



QUESTIONS 4-6 HAVE TO DO WITH THE FOLLOWING SITUATION. AGAIN, 
DRAW A CIRCLE AROUND YOUR PREFERRED RESPONSE. TWO TEST TUBES 
CONTAINING EQUAINSIZED SAMPLES OF THE SAME BLUE SALT ARE HEATED. 
ONE OF THE TEST .TUBES IS HE A^-ED •LINGER THAN THE OTHER AND THE' 
SOLID TURNS YEISLOW. NO CHANGE IS OBSERVED IN TifB SALT THAT IS' 
HEATED FOR A SHORT TIME. ^ , > 

; ' * ■ . - 

4. WHICH SAMPLE OF SALT -PROBABLY -.ABSORBED MORE HEAT ENERGY? ' 

A. ',THE SALT WHICH REMAINED BLUE.' 

B. ■ THE SALT WHICH TURNED YEliLOW. • , ' 

C. THEY BOTH. ABSORBED THE -SAME AMOUNT o¥ ENERGY. . 



5. THE SAMPLE OF SALT WHICH REMAINED BLUE IS NOW HEATED FOR 
A LONGER TIME AND IT ALSO TURNS YE^LLOW. AFTER BOTH SAMPLES COOL, 
SOME WATER IS ADDED TO .ONLY ONE- OF •.THEM.', AFTER -THE WAtER IS 
ADDED TO THE ONE SAMPLE OF YELLOW SALT IT BECAME BLUE^AND THE 
TEST TUBE BECAME ' VERY H6T. WATER IS . NOT '.^DDED *T0 THE OTBHBR ' 
SAMPLE dF YELLOW SALT AND ITS COLOR DOES NOT CHANGE. WH^CH 
SAMPLE OF SOLID sAlT NOW HAS MORE HEAT ENfiRGY?^ • ' ' 

A. ' THE SAMPLE OF SALT WHICH REMAINED YELLOW. ' , 

B. the''samplr\)f ^t which Became bluS again. 



c. ^both samples contain^. the same heat- energy. 




6. WHICH QF THESE STATEMENTS IS TRUE RJJGARDING WIJAT HAPPENED 
IN 5 ABOVE?- ■ - ,•. * * . 



* 0 



' { 



ERIC 



30 



36 



MINISEQUENCE II ASSESSMENTS* 



A 



A. SOME HYDRATE BONDS WERE BROKEN WHEN THE SAMPLE OF \ 
YELLOW SALT BECAME BLUE AGAIN. . • '.\ 

B. SOME HYDRATE BONDS' WERe' RE-FORMED WHfiN THE SAMPLE OF 
.YELLOW SALT "BECAME BLUE AGAIN. 

C. • HYDRATE EiONDS' WERE' FORMED ..IN BOTH THE YELLOW AND BLUE 

SAMPLES OF SALTS . ' • '» ' f 

PAiy? 2 ^ * # ^ ' V. 

Have the'c/hildren turn to page C. * Read the following tasks 

and each item aloud to the children,^ Allow abcdit three * ^ 

ininu*tes for each task, 

\ ■ ■ 

TASK I. IN THE FOLLOWING PROCESSES PLACE fTY IN THE SQUARE IF 
YOU THINK HEAT ENERGY IS ABSORBED; PLACE /A - IF YOU THlNK HEAT 
ENERGY WILL BE rfSIVEN OFF* . . ' * 

A. TO BREAK WATER-rTO-SALT BONDS. □ 

B. MELTING. D ' . ' ' 
^ C: TO BREAK MOLECULE-TO-MOLECULE BONDS. Q 

D. . ADDfNG WATER TO A SALT FROM WHICH BONDED WATER 

MOLECULES HAVE BEEN REMOVED, V ^ " 

E. DISSOLVING. □ ' - • 
F'. FOXING HYDRATE BONDS . O • *• 



Task ii<.~ each item (a-f) below consists of a pair of substances, 
place a circle. around the substance in each pair which- pos sess es 

Mpjffi ENERGY. BOTH SAMPLES ARE THE SAME SIZE" AND ARE AT THhB^ 
SAME TEMPERATURE. ^P*^ 
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A. BLUE VITRIOL - ' WHITE VITRIOL 



B. A GAS 

|> 




. ITS 


LIQUID ' . 


C. A SOLID • 




ITS 


■■ ^ 

LIQUID 


d'. anhydrous 


SMiT ' • 


THE 

< 


HYDRATE D SALT 


E. DISSOLVED 


SALT. 


THE 


SOLID SALT 



F. ■ STARCH- IODINE COMPLEX STARCH PLUS IODINE 



PART 3 



/ Have the children turn to page D. 

TftE NEXT 3 QUESTIONS HAVE TO DO' WITH A SITUATION WHICH I WILL 
'DESCRIBE TO YOU. EACH QUESTION HAS THREE POS'SIBLE ANSWERS. AS 
I READ THEM ALOUD TO YOU DRAW A ©IRCLE AROUND THE LETTER IN 
FRONT OF THE BEST ANSWER. READ THE QUESTIONS' SILENTLY WITH ME. * 

PITIL, PERFORMED A CAREFUL EXPERIMENT WITH SOME CRYSTALS HE - ' 
THOUGHT MIGHT BE HYPO (A HYDRATED SALT CALLED SODIUM THIOSULFATE) 
HE WANTED TO FIND OUT IF CRYST^S OF THE SALT WEBE REALLY 
HYDRATfcD, THAT IS CONTAINED BONDED WATER MOLECULES. HE ADDED 
5,0 UNITS OF HEAT ENERGY'TO A WEIGHED SAMPLE OF THE WHITE gfS^TALS 
OF HYPO. . ^ ' 



1. AFTER ADDING tI^E HEAT ENERGY HE OBSERVED THAT THE CRYSTALS 
REMAINED WHITE. HIS CONCLUSION SHOULD BE ;THAT THE ORIGINAL 



SALT: 



h. WAS NOT A HYDRATED SALT ^INCE A HYDRATED SALT^MUST " 
CHANGE COLOR ON HEATING. 

\ — 

B. MIGHT BE HYDRATED SINCE. COLOR DOES NOT HAVE TO" CHANGE 
WHEN THE ANHYDROUS SALT IS FORMED ON HEATING. 

C. WAS EASILY MELTED, ■ ' ' \ 
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2. PHIL AGAIN WEIGHED THE WHITE SALT REMAINING IN THE TEST 
TUBE AFTER HEATING. IT WEIGHED LESS THAN BEFCfeE IT WAS HEATED. 
THIS WAS. PROBABLY BECAUSE : . , . * 

A. -^ ON.BElfIG HEATED, THE WHITE CRYSTALS- LOST SOME WATER 

OF HYDRATION AND THE^FORE WEIGHED LESS. 

B. SOME- SALT MELTED AND TIHEREFORE THE SAMPLE WEIGHED LESS. 

C. SOME SALT EVAPORATED AND LEFT THE SAMPLE OF SALT. 

'3. PHIL SUSPECTED THAT THE SALT CRYSTALS WITH WHICH HE STARTEEf 
HAD BEEN REALLY HYD^TED SALT CRYSTALS. HE DECIDED TO AD.D A FEW 
DROPS OF WATER TO T^E WHITE CRYSTALS AFTER THE 50 UNITS OF HEAT 
ENERGY HAD BEEU ADDED TOl'THEM. HE WANTED TO" FIND OUT IF ANY 
HEAT ENERGY ,WOULD BE TAKEN IN OR GIVEN OFF WHEN HE ADDED WATER. 
IF SO, HE WANTED TO MEASUI^LJT. AS HE ADDS THE WATER, THE 
CRYSTALS STILL APPEAR TO BE DRY. IF WHAT HE SUSPECTED ABOUT 
THE ORIGINAL CRYSTALS WERE TRUE WHAT ELSE SHOULD HE OBSERVE 
WHEN HE ADDS A FEW DROPS' OF WATER TO THE SAMPLE OF SALT TO' 
WHICH HEAT ENERGY HAD BEEN ADDED? » 

- . A. THE SAMPLE SHOULD USE UP 50 UNiTS OF HEAT ENERGY AND. 
BECOME COOLER. I 

B. THE SAMPLE SHOULD GIVE OFF 100 UNITS OF HEAT ENERGY AS 
WATER MOLECULES AGAIN BOND^TO THE SALT. 

C: THE SAMPLE SHOULD GIVE OFF 50 UNITS OF HEAT ENERGY AS 
THE HYDRATE feONDS TO SALT RE-FORM.. ^ 



PART 4 ^ . . 

'I- • n ^ 

Ask the children to turn 'to page'E. 

THE NEXT 4'. QUESTIONS HAVE TO DO WITH* STILL ANOTHER SITUATION 
IN WHICH A SERIES OF ACTIVITIES WERE CONDUCTED AND OBSERVATIONS 
MADE. 3ILL TOOK SOME CRYSTALS OF WHITE SALT FROM A CONTAINER* 
WHICH WAS LABELEp'^, AND PUT' THEM IN A TEST TUBE. JAN ALSO 
TOOK SOME CRYSTALS OF A WHITE SALT BUT FROM A CONTAINER LABELED 
B AND PUT THEM INTO A TEST TUBE.*^ BILLTTOro JAN THEN ADDED A FEW 
DROPS OF WATER TO THE WHITE CE;YSTALS IN BACH OF THEIR TEST , TUBES 

HE'rE.A'RE some observations and QUESTIONS. ilACH QUESTION IS 
FOLLOWED BY SEVERAL POSSIBLE ANSWERS TO IT. DRAW A 
AROUND THE LETTER OP THE ANSWER YOU PREFER. 
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' - * -Mifl I SEQUENCE II . ASSESSMENTS ^ 



r. thf temperature of bill's test^ube' increased.' it became 
very hot. what is possibly happening cn the crystals of his 
•Sample of salt? 

\ • a. solid-to-solid bonds are being broken. ■ ' " 
' b. hydrate bqnds. are being formed, 
c. water is being' driven off. 

2. JAN'S TEST TUBE BECAME COOLER WHEN SHE ADDED THE PLATER. 
SHE ALSO OBSERVED LESS SOLID THAN WHEN .SHE STARTED. WHAT DO 
YOW^ THINK WAS HAPPENING IN THE CRYS-TALS OF HER- SAMPLE OF SALT? 

A; SOME OF THE WHITE SOLID DISSOLVED IN THE WATER. 

6. SOME OF THE WHITE SOLID EVAPORATED* ^ 

' €• SOME OF THE WATER EVAPORATED. ' " ' ^ . 

3. ^ WHY DID JAN'S SAMPLE OF SAT BBCOME COOLERJ?. 

A. BONDS WITHIN THE CRYSTALS W^RE EiEl^'§.OTKEN. 

B. BONDS WERE BEING FORMED WITHIN .^Sfe- ,CieffeTALS-; - ' ' ■ ^ 

C. BOTH OF THE ABOVE ifERE Hi^lM^^g^^ \ , J 

4. WfiRE Ififfi^ TWOT JAN AND BILL THE - 

SAME?/ ^.^^ * • -\ ;-f#*'-..^.^: 

'A. YES. , ^ 

__^B, NO. 

C. OpERE IS NO WAY. TO TELL. 
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Name: 



Page A 



r. A DRY GREEN SALT -IS HEATED IN A T^ST TUBE. DROPS Ot- WATER APPEAR 
IN THE UPPER PART OF' THE TUBE. THE SOLID IN THE 'BOTTOM OP THE TUBE 
CHANGES COLOR. WATgR PROBABLY , CAN COME FROM THE DRY SALT BECAUSE 'THE 
HEAT ENERGY ABSORBED BY THE GREEN SALT HAS: 

A. DRIVEN OFF WATER THAT IS BONDED TO' THE SALT. ^ 

- , ■ V ■ 

B. CAtJSED WATER TO BE ABSORBED FROM TPIE AIR. 
, C. CAUSED THE TOP OF THE TUBE TO GET HOT. 

2. WHEN- WATER IS ADDED TO A SALT IN WHICH ITS BONDED WATER HAD BEEN 

-^vREMOVED:* ' , ^ 

* * » 

' A. ' HEAT ENERGY IS GLVEN OFF. » * 

B. HE^T ENERGY IS ABSORBED. 
. C. NOTHING HAPPENS. , 



3. WHEN HEAT ENERGY IS ADDED TO HYDRATED SALTS (WITH BONDED WATER 
MOLECULES.) IT IS MOST PROBABLE THAT: 

A. THE HYDRATE BpNDS HOLDING THE WATER TO THE SALT ARE ; 
STRONGER THAN. THE SALT-TO-SALT BONDS. 

B. THE SALT' WIXL MELT' BEFORE THE HYDRATE BONDS HOLDING THE 
WATER TO THE SALT BREAK. « 

• C. THE HYDRATE BONDS HOLDING THE- WATER TO THE SALT WILL 
GENERALLY BREAK BEFORE THE SALT MeItS . 



- \ 
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,A-t . , ? Page B 

- ■ • 

TWO TEST TUBES CONTAINING EQUAL SIZED SAMPLe/ OF THE SAME BLUE SALT 
, ARE HEARTED. ONE OF THE TEST TUBES IS HEATED ' LONGER THAN THE OTHER AND 
THE SOLID TURNS YELLOW. NO CHANGE IS OBSERVED IN THE SALT THAT IS 
jJEATED FOR A SHORTER TIME. ' * '• , 

4. WHIGH SAMPLE OF SALT PROBABLY ABSORBED MORE HEAT ENERGY? 
■ A.- THE SALT WHICH REMAINED BLUE. 

B. THE SALT WHICH TURNED. YELLOW. 

C. THEY BOTH ABSORBED THE SAME AMOUNT OF ENERGY. ' 

5. THE SAMPLE OF SALT WHICH REMAINED BLUE IS NOW HEATED FOR A LONGER 
TIME AND IT ALSO TURNS YELLOW. AFTER BOTH SAMPLES COOL, SOME WATER IS 
ADDED TO ONLY ONE OF THEM. AFTER THE WATER IS ADDED TO THE ONE SAMPLE 
OF YELLOW SALT IT BECAME BLUE AND THE TEST TUBfl BECAME VERY HOT. WATER 
IS NOT ADDED TO THE OTHER SAMPLE OF YELLOW SALT AND ITS COLOR DOES NOT 
CHANGE. WHICH SAMPLE OF SQLID SALT NOW HAS MORE flEAT ENERGY? 

A. " THE SAMPLE OF SALT WHICH REMAINED YELLOW. " i 

B. THE SAMPLE OF SALT WHICH BECAME BLUE AGAIN. - ' 

* > 

C . BOTH SAMPLES. CONTAIN THE SAME HEAT ENERGY 

6 , WHICH 0^^ THESE STATEMENTS IS TRUE REGARDING WHAT HAPPENED IN 5 
ABOVE? . . , 

A. SOME HYDRATE BONDS WERE BROKEN WHEN THE SAMPLE OF YELLOW 

SALT BECAME BLUE AGAIN. , - - 

B. SOME HYDRATE BONDS WERE RE-FORMED WHEN THE SAMPLE OF YELLOW 
SALT BECAME BLUE AGAIN. 

C. HYDRATE BONDS '>?ERE FORMED IN BOTH THE YELLOW AND BLUE SAMPL^ES 
OF SALTS. 
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Name : 



Page C 



I'ASK I: IN THE FOLLOWING PROCESSES PLACE A + IN THE SQUARE IF YOU 
THINK HEAT ENERGY IS ABSORBED; PLACE A - IF YOU THINK HEAT ENERGY 
•WILL BE GIVEN OFF. . ■ • • 

A. TO , BREAK WATER-T.O-SALT" pONDS Q 

B-<- MELTING-EH, ^ 

C. TO BREAK, MOLECULE-TO-MOLECULE BONDS d] 



D. 

E. 
F. 



ADDING WATER TO A SALT FROM WHICH BONDED WATER MOLECULES 
HAVE BEEN REMOVED.. Q 

.DISSOLVING ED ■ 



FORMING HYDRATE BONDS 



TASK II. EACH ITEM (A-F) BELOW CONSISTS OF A PAIR OF SUBSTANCES. 
PLACE A CIRCLE AROUND THE SUBSTANCE IN ES€H PAIR WHICH POSSESSES MORE ' 
ENERGY. BOTH SAMPLES ARE THE SAME SIZE AND ARB AT THE SAME TEMPERATURE 



A. BLUE VITRIOL 



WHITE VITRIOL 



B. A GAS 



ITS LIQUID . 



'4 



C. A SOLID 



ITS LIQUID 



D. . ANHYDROUS SALT 

. \ 



THE HYDRATED ■ SALT 



,E. DISSOLVED ^ALT 



THE SOLID SALT 



F. STARCH -IODINE COMPLEX 



STARCH PLUS -IODINE 



ERIC 
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II : Name-i _! . Page D 

PHIL PERFORMED A CAREFUL EXPERIMENT^ITH SOME CRYSTALS HE THOUGHT 
MIGHT BE HYPO (A HYDRATED . SALT C^LED SODIUM THIOSULFATE), HE WANTED 
TO FIND OUT IF CRYSTALS OF THE SALT WE6E REALLY HYDRATED ^ -THAT IS. 
■contained' bonded WATER MOLECULES. HE" ADDED 50 UNI-^SPP HEAT E-NERGY TO 
•ft WEIGHED SAMPLE OF THE WHITE CRY;STALS,0F HYPO. 

1\ AFTER ADDING THE HEAT ENERGY -HE OBSERVED THAt' THE. CRYSTALS REMAINED 
WHITE. HIS CON'CLUSliN SHpULD BE ;THAT THE .ORIGINAL SALT: 

A. WAS. NOT A HYDRATED SALT S.INCE A HYDRATED SALT MUST CHANGE 
. ■ ' « COLOR- ON HEATING. 

B. MIGHT BE HYDRATED SINCE COLOR DOES NOT HAVE TO CHANGE WHEN 
THE ANHYDROUS SALT IS FORMED' ON HEATING. 

► * I. » 

C/ WAS EASILX MELTED. - * 

2. PHIL AGAIN WEIGHED THE 'WHITE «SALT REMAINING' IN THE TEST TUBE . 
AFTER HEATING. IT WEIGHED LESS THAN BEFORE IT WAS HEATED. THIS WAS 
PROBABLY BECAUSE: ^ ' 

A. ON BEING HEATED, THE WHITE ■ CRYSTALS LO^T^ SOME WATER 
OF HYDRATION AND THEREFORE , WEIGHED LE6S. 

B. SOME ^ALT MELTED AND THEREFORE TH^' SAMPLE WEIGHED LESS. 

C. ' SOME SALT- EVAPORATED AND LEfT THE SAMPLER OF SALT. 



3; PHIL SUSPECTED THAT THE SALT CRYSTALS WlTH WHICH HE STARTED HM 
BEEN REALLY 'HYDRATED' SALT CRYSTALS. HE DECIDED TO ADD A FEW DROPS 
OF WATER TO THE WHITE CRY'STALS- .AFTER THE 50 UNITS OF»HEAT ENERGY HAD 
BEEN ADDED TO THEM. HE WANTED TO FIND OUT IF ANY HEAT ENERGY WOULD 
BE TAKEN IN OR GIVEN OFF WHEN HE 'ADDED WATER. IP SO, -HE WANTED TO 
MEASURE IT. AS HE ADDS THE WATER, THE CRYSTALS. STILL APPEAR TO , BE 
DRY- IF WHAT HE SUSPECTED ABOUT THE ORIGINAL! CRYSTALS WERE TRUE WHAT 
ELSE SHOULD HE OBSERVE WHEN HE ADDS A FEW DROPS OF WATER TO THE SAMPLE 
OF SALT TO WHICH HEAT ENERGY HAD BEEN ADDED? » . 



A. THE SAMPLE SHOULD USE UP; 50 UNITS OF HEAT ENERGY AND. 
BECOME COOLER. ' , , / 

B. TcHE SAMPLE SHOULD GIVE "OFF 100 UNITS OF HEAT EIJERGY AS 
• WATER -MOLECULES AGAIN BOND TO THE SALT.. 



■ / 



C. • THE SAMPLE SHOULD GIVE OFF 50 UNITS OF HEAT ENERGY AS THE 



HYDRATE BONDS TO SALT ' RE-FORM. 



Name: 



Page E 



BILL TOOK SOME fcRYSTALS OF WHITE SALT FROM A 'CONTAINER WHICH WAS 
LABELED k, AND PUT THEM IN A TEST TUBE. JAN ALSO TOOK SOME CRY.STALS 
OF A WHITE SALT BUT FROM A CONTAINER LABELED S ANp PUT THEM INTO A • 
TEST TUBE. BILL AND JAN THEN ADDED A FEW DROPS OF WATER TO THE WHITE 
CRYSTALS IN EACH OF THEIR TEST TUBES. . ' , ' 

5 

1. THE TEMPERATURE OF BILL'S TEST TUfiE INCREASED. IT BECAME VERY 
HOT. WHAT IS POSSIBLY HAPPENING IN THE CRYSTALS OF HIS SAMPLE OF 
^ALT? ' ' " • . » 



A. SOLID-TO-SOLID BONDS ARE BEING'BROKEN . 

B. HYDRATE BONDS ARE BEING FORMED. 

C. " WATER -IS BEING DRIVEN OFF.. 



• 2. JAN'S TEST TUBE BECAME COOLER WHEN. SHE ADDED THE WATER. SHE 
■ ALSO OBSERVED LESS SOLID THAN WHEN SHE STARTED. WHAT DO^ YOU THINK 
WAS HAPPENING IN THE CRYSTALS OF HER SAMPLE OF SALT? 

A. SOME OF THE WHIT& SOLID IDISSOLVED IN THE WATE^. 



B. SOME OF, 'THE WHITE 'SOLID EVAPORATED. 

C. SOME OF THE" WATER EVAPORATED. 



3. WHY ;?ID JAN'S SAMPLE OF SALT BECOME COOLER? " 

A. BONDS WITHIN THE CRYSTALS WERE BEING BROKEN. 

B. BONDS WERE BEING FORMED WITHIN THE CRYSTALS. 

C. BOTH OF THE ABOVE WERE HAPPENING. 



4. WERE .THE TWO SUBSTANCES INVESTIGATED BY JAN. AND' BILL THE SAMK? 



A. YES. 

B . • NO . 

C. * THERE IS NO WAY TO TELL. 



Minisequence III 
Copper:^ Structural Unit 




Screenings^Asses smen-ts" 



} 
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The concepts developed in Minisequence III ajfe: 

a. Some molecules are component structural units of larger 
molecules. ^ . • . 

b. A mol'^cule is /composed of smaller structural units of 
matter called'^^oms . , * ^ 

c. Certainv physical properties of crystals are characteristic 
^ and^ Unique to a specific molecule, e«g\, color and* crystal 

sha*pe« ' 

r • ■ . ■ • 

d^ Certain interaction properties are unique to a specific 
molecule e.g., the interaction between starch and ig^ine. 

/ ' 

Physical and ^int-erac tion properties can often' b.e/used, to 
.'confirm^ the presence of a ^par-Jicular molecule. ^* 

f. .Atoms ca^n sometimes be <?ispl-ac*ed from a molecule and then 
replaced by other atom.s.. 

g. The properties of molecules depend upon the atoms of wh'ich 
, they are composed; substitution of a Single* atom./for 

.another atom will change .the ' properties of a'mol^tile. 

h. Subjstances containing theVsame kind of atoms 'as a com- 
pon^t.^art may exhibit certain properties in common 

, (e.g.; fLame color, blue color of hydrated copper salts,) 
ba,sed on the presence of' this atom. \ 

1 ^ ' 

The ■ a ss e s smfen t for this Min i s e quence consists of six parts. 
Hand ^out the assessment ,^ages ^ A through H.' Page>. I wilj. be 
given out last.' , * 

40 ^ 
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MINISEQUENCE III ' ASSESSMj^NTS 



The childi^eix.. should place their names in the appropriate 
places. This assessment should take about 30-40 minutes to 
administer . * ; ' ^ . 



PART 1 



Page A 



Have the children turn^to page A. . \ 

^ . . \ . 

I AM GOING TO ASK SOME QUESTIONS ABOUT PARTS AND WHOLES. YOU 
SHOULD READ THE QUESTIONS. AND CHOICES * SILENTLY AS I READ THEM, ^ 
ALOUD TO YOU. ^WHEN I HA^^E READ ALL THE CHOICES, DRAW A CIRCLE 
AROUlsTD THE LEiaPER OF THE 'BfeS^T CHOICE. (Ailow about 30 seconds 
for the cKi'^d^n tjo res,pond to each item. -If you think it 
helpful, reai^each^ question again as they select their choibce'.) 

: > • . • « 

1. IF YOU WERE TO EXAMINE A TREE, YOU WOULD FiAd THE THREE 
THINGS BELOW. WHICH WOULD BE THE SMALLEST; PART? . " . 

A. A LEAF . -. , • ' ' : 

B. A CELL 

C. A TWl6 • ■ ■ . ' . 



2. A PUDDLE OF WATER IS COMPOSED OF THE THREE THINGS BELOW. 
WHICH WOULD BE THE SMALLEST PART? ^ ^ 

A. A MOLECULE OF WATER 

B. A DROP OF WATER ' ' . • 
. * C . A SMALL CUP OF WATER V. . • • 

3. THE DEEP BLUE SOLUTION .FORMED WHEN STARCH AND lODl'NE INTER- 
ACT IS COMPOSED OF SEVERAL PARTS, INCLUDING THE FOLLOWING. 
WHICH OF THE PARTS NOTED BELOW WOULD BE THE SMALLEST? 

A. THE STARCH- IODINE COMPLEX 

■ B. THE STARCH MOLECULE 

C. A 1/4 TEASPOONFUL OF SOLUTION . ' ' 
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PART 2 
Page B f' 



Have the children turn to page B. 



fiERE YOU WI-LL- FIND PAIRS, OF ST^^EMENTS . ONE OF -THE STATEMENTS 
IS TRUE AND 'one IS FALSE. READ BOTH STATEMENTS SILENTLY TO 
YOURSELF WHILE "l READ THEM ALOUD TO YOU,. AFTER I HAVE READ 
BO^H STATEMENTS, DRAW A CIRCLE AllOUND THE LETTER OF THE STATE- 
MENT WHICH IS TRUE. (Allow about 30 seconds for the children 
to r'espond to .each item.) ' " " ' 



1. ^. THE SMALLEST PARTS THATTaLL LIVING, THINGS HAVE IN 

-COMMON ARE LEAVES. - 

B. THE SMALLEST" PARTS THAT ALL LIVING THINGS HAVE IN 
.COMMON ARE CELLS. 

V 

2. . A. ALL IRON SULFATE CRYSTALS HAt^ THE SAME ^.HAPE. 

B. IRON SULFATE MAY CRYSTALLIZE IN SEVpT^AL DGIjFFERENT SHAPES, 

3. - A. t^ATER MOLECULES ARE A PART OF " ALL' HYDRATE SALTS. 

B. WATER MOLECULES ARE A PART OF ALL KINDS OF SALTS. > 



4. A, A PART OF-^HE ^LUE VITRIOL MOLECULE IS COPPER. 
B. A PART OF (COPPER IS THE BLUE VITRIOL, MOLECULE . 

•5. -A. EVERY SALT CONTAINS SOME COPPER. * ' - * . " , 

B. SOME SALTS DO NOT CONTAIN COPPER. 

■ ; . • • ■ -n. 

PART 3 ' ... . 

page C ' v* ' 

Have the children turn to page.C. 

* - ' * ' 

HERE ARE SOME MORE PROBLEMS ABOUT PARTS OF WHOLES. IN EACH 
ITEM BELOW YOU WILL FIND A PICTURE OF A STRUCTURE MADE UP OF 
CERTAIN. UNIT PARTS . . ' 
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MINTSEQUENCE III ASS^TSSMENTS 




AN INTERACTION IS SHOWN WHICH RESULTS IN CHANGES IIJ, THE T ARRANGE 
MENT OF THE UNIT PARTS. COMPLETE THE STATEMENT OF TI^E INTER- 
ACTION BY DRAWING THE CORRECT FIGURE OVER tHE .QUESTION ^RK OR 
BY COMPLETING THE PICTURE OVER THE QUESTION MARK. ' » ' - * 

HERE IS AN EXAMPLE: ' ' - . ... 



XO + Y 



YO + 



TO COMPLETE THIS "INTERACTION"' AN X SHOULD Be( PLAQED • pVER ? . 
THE- COMPLETED STATEMENT WOULD READ AS: 



XO. + Y 



•YO + X 
? 



1. 



2. 



□ 



o 

t>+ 8 




+ ■ 



□ 
□ 
□ 
□ 



o o + 



o 




I 



tiJrn to page d. 



Apl 



O - O 



:. \rn/ 



5. 



4-' 



•a 



o- 



[5- 
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. .MIN-I SEQUENCE III AS^JISSMENTS 



ft 

PART 4 ' ' ."^ 



PaVe E . • ' • 

Ha,ve the children Turn to page E.. • f ^ 

' / . = . • ' 

HERE ARE SOME QUESTIONS WITH THREE, POSSIBLE ANSWERS EACH. READ 
EACH QUESTION AND ITS ANSWER SILENTLY WHtLE I READ THEM- ALOUD. 
AFTER I HAVE FINISHED YOU WILL HA\^ A SHORT TIME TO SELECT YOUR* 
CHOICE AND CIRCLE THE LETTER IN FRONT OF IT. (Al low"* about 1 • 
minute for eachXresponse . ) ' 



1 . ,A MODEL OF THE TW9 PARTS OF A ^ALT MOLBCU^E IN A BLTS? 
COLORED SOliUTION CAN BE PICTURED AS WHILE A MODEL OF 

THE MOLECULES IN' A COLORLESS .OR POSS-IBLY SLIGHTLY YELLOW SOLUTION 
CAN BE PICTURED AS Q-Q . WHICH COULD BE THE APPROP.RIATE. PAIR 
OF. SYMBOLS FOR THE UNIT PARTICLES mRING UP THE DISSOLVED SALT ' 

MOLECULES? " ^. - ' " 

■t » , • 

A. • i£L ^'^'^^ COPPERy-AND ,0 STANDS, FOR SULFATE - ' , ' 

^ B..^ s\^Al^pS'|OEL^IilON> AND STAIJDS FOR SULFATE - . 
C. STANDS^'FO^'COTPER; aW STANDS FOR IRON. 



-5 <?< 



2. DOTTY PSEKED JJP l^JO JARS EA?JHrcPNTAINING BLUE SOLUTION » 
SHE" KNEW THAT ONE SOLUTIO'N- CONtSBglD QOPPER SULFATE . IN ORDER 
TO IDENTIFY J^E SOLUTION CONTAIN.Illfe^^PPER SULFATE> SHE -SPOULt) ;, 



_LTEI 

APPE2^RANCE OF COPPER ON • KIE ^LTER' PAPER. 



A. FILTER PART OF THE SOLUTION Al«) LOOK FOR THE 



B. PUT A PIECE OF IRON !£n I>^- OE* THE- SOLUTION AND LOOK 
FORX^HE APPEARANCE OF* COPPER^ ON THE iftON. ' 

C. OBSERVE THE SOLUTION VERY CA&IFUI^EY WITH A MAGNIFIER. 

3.> MORRIS DISSOLVED SOME BLUE COP|ER CHLORIDE SA^iT.IN WATER. 
HE DECIDED TO' REFORM ' SOME "tRYSTALS MD SO" HE PLACED SOME'oF -THE 
SOLUTION IN AN ALUMINUM PIE PAN. WHAT "mIG^T HAPPEN.? - . 
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A. A BIG. HOLE WOULD APPEAR IN THE PAN AND SOME 
METALLIC GOSPER WOULD FORM. 

* ^ * 

•B. NOTHING VOULD CHANGE , IN THE APPEARANCE OP THE BLUE ' ^ 
COPPER CHLORIDE SOLUTION IN THE^'PAN. 

C. THE WATER WOULD EVAPORATE VERY QUICKLY PROM' THE BLUE 
. SOLUTION IN THE PAN. 



P-ART 5 



Page F / ^ * ' » ' 

H-ave the children turn tp pages F and G. 

THIS PART OF THE 'ASSESgMENT HAS SOME QUESTIONS ABOUT A PARTICU- 
LAR SITUATION. AFTERT I READ ALOUD 'EACH QUESTION AND ITS POSSI- 
BLE ANSWERS CIRCLE THE LETTER IN FRONT OF Y(i»UR PREFERRED ANSWEIJ.. 
HERE' IS THE SITUATION: LIZ IS DOING AN -EXPERIMENT WITH A WHITE 
CRYSTALLINE SALT. SHE OBSERVED THE CRYSTALS WITH A MAGNIFIER 
AND SAW THAT THEY WERE IN THE SHAPE OF DIAMONDS, ^ WHEN SHE 
HEA'fED SOME OF THE CRYSTALS IN A FLAMfi, THE FLAME BEC^iffi 'RED. 

1. LIZ' DISSOLVED SOME OF THE CRYSTA|;.§ . IN WATER. WHEN THE SALT 
REORYSTALLIZED LIZ OBSERVED THAT THE^^YSTALS WERE^ ALSO DIAMOND 
SHAPED. .SHE CONSIDERED THIS WAS TO BE EXPECTED SINCE: 

A. DIAMOND 'shaped CRYSTALS ARE ALWAYS ' FORMED BY WKfTE'* 
^ALTS: ' % ^ 



bl she allowed the solution to stand overnight, 
c. when the substance dissoia(ed in the wa^er, its 

COMPOSITI^ HAD NOT CHATfGEt 
. - <^ 

. ' ^ , \ 

2. LIZ 'made up SOME MORE SOLUTION. BY ACCIDENT SOME OTHER 
POWDER FELL IN. THE SOLUTION. BECAME CLOUDY. ^E'FILTERED I?» 
AND SET ASIDE THE CLEAR LIQUID WHICH CAMEl THROUGH.' SHE OBSERVED 
THE:^IllQUID THE NEXT DAY. LONG NEEDLE SHAPED CRYSTALS HAD 
FORMED?" WHICH OF THE FOLLOWING M0ST LIKELY EXPLAINS WHAT 
HAPPENED? . . . ' ' • 
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-A. THE SOLID SALT WAS THE SAME AS THE ONE SHE STARTED 
WITH BUT THE CRYSTALS WER? LONGER. ^ " 

B. DRYING OUT ALWAYS CHANGES CRYSTAL' SHAPES . 

C. THERE WAS AN INTERJ\CTIpN WITH THE POWDER AND A 
DIFFERENT KIND OF MOLECULE WA^ FORMED. 



1 



3. LIZ THEN HELD THE NEW NEEDLE SHAPED CRYSTALS IN A FLAME. 
'THE FLAME WAS THET SAME COllOR RED AS SHE OBSERVED WITH THE' DIA- 
MOND CRYSTALS. WHICH OF -THE FOLLOWING BEST EXPLAINS -WHY? 

T • - 

A. -c-vmiTE CRYSTALS ALWAYS PRODUCE RED FLAMES. 

• ° • ' - ( 

B. TJiE SAME UNIT PARTICLE WAS PREJSENT IN. BOTH - THE DIAMOND 
AND NEEDLE SHAPED" CRYSTALS. • ' • ' . . 



I 



,C.- THE WATER AND THE POWDER INTERPERRED- WITH THE TESTING 
IN THE FLAME. ' ' 



Page G. " 

X 

NOW TURN TO PAGE G. ^ 



V 4. LIZ DISSOLVED THE NEEDLf) SHAPED CRYSTALS. SHE* INSERTED A 
PIECE OF METAL WIRE INTO THE SOLUTION. .THE SOLUTION TURNED- 
GREEN. SHE MIGHT EXPECT THAT: _ 7 



A. OVER A PERIOD OF TIME, THE SOLUTION WOULD BECOME A 
DARKER GREEN. ' » ■ 

B . A' NEW KIND>€FP ?!S£eCULE HAS BEEN FORMED FROM PART OF THE 
' METAL. , . ' 

C. BOTH A AND S ABOVE. ' 



5. THE MOST LIKJELY REASON FOR THE ABOVE OBSERVATION IS THAT: .< 

.- ■ ' 

A. PARTICLBSt-'MAKIliG UP THE METAI^WIRE EXCHANGED PLACJES WITH 
PARTICLES MAKING UP THE SALT MOLECULES ^ SOLUTION. 

B. METALS 'gENERTLLLY FORM GREEN SOLUTIONS. * 

^- ♦ . ' - . • 

C. PARTICLES ARE COMINC^ OFF TH^ WIRE AND-^MIXlNG, WITH THE 
DISSOLVED SALT TO MJ9CE -IT GREEN. • " , - ' 
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6. LIZ TESTED THE GREEN SOLUTPSN ' IN A FLAME. IT DID NOT MAKE 
THE FLAME Ri!of, -BUT MADE THE FLAME PURPLE. =WHAT IS THE MOST 

'LIKELY REASfi)*? 

A. THE GREEN MOLECULES HI THE* SOLUTION AND THE ORIGINAL 
RED FLAME WOULD MAKE THE FLAME PURPLE. - 

B. THE UNIT PARTICLE RESPONSIVE FOR THE RED FLA&l I.S NO 
LONGER A PART OF, THE MOJ.ECULES IN THE' SOLUTION . * 

C-. BOTH .OF THE ABOV? ARE TRUE . 

7. LIZ TESTED ANOTHEll PIECE ,0F THE SAME METAL WIRE. IT IS MOST 
PROBABLE THAT THE WIRE WOULD PRODUCE A FLAME THAT WAS: 

A . ^ RED * ' , . ' 

B. PURPLE . * ' , 

C. COLORLESS 



8. LIZ DECIDED HO GROW- CRYSTALS FROM THE GREEN SOLUTION SHE HAD 
MADE . WHICH OF THE FOLLOWING WOULD SHfl MOST LIKELY OBSERVE FOR 
THE CRYSTALS WHICH -FORM? - . ' ' ' 

A., TH?Y MIGHT BE- COLORED GREEn'. ^ . 

THEY WOULD^ CERTAINLY BE NEEDLE SHAPED. 

(j. THEY MI GfiT. BE' COLORED PURPLE AS WAS' THE .FLAME 

O 



PART 6 



. > 

r 



Page H ' ; ' . 

Hand out page H to.^ the children. YouN/ill distribute 'page I 
after you collect their responses to page H. 

THERE WILL BE THREE TASKS FOR YOU TO DO ABOUT\tHE FOLLOWING 
SITUATIONS. THE SITUATIONS JIAVE TO DO WITH EXPEBIMENTS ^^E " 
IN A CLASSROOM IN ANOTHER COUfPTRY. THE CHILDMN OBSEI?VEtf^D' . 
THEN EXPLAINED WHAT THEY THOUGHT WAS HAPPENINgXtO THE MOLECULES. 
THEY USED WORD "EQUATIONS". SOME OF THE,' NAMES'lTHEY USED FOR 
PARTICLES WERE DIFFERENT FROM THE ONES WE PSE. -IN '^ENERA^i,. 
THEY FOUND THE 'FOI^LOWING TO OCCUR I^ THEIR OBSERVAT-IONS : ' ' 
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CHLORIDE CRYSTALS WERE CUBE-$HAPED,. • 
SULFATE CRYSTALS WERE NEEDLE-SHAPED* V 
NITRATE CRYSTALS WERE ANGLE -SHAPED • • 

AND IN A FLAME "COPIUM" MADE IT RED. 

• • •> ' 

"SCHOOLIUM"-MADE IT GREEN. 
"TEACHIUM" -MADE IT YELLOW. . 

TASK I: COMPLETE THE F^OLLOWING WORD EQUATIONS BY PILLINQ-TH^ 
THE BLANK LINES. 

A. SCHOf)LIUM +^EACHIUM SULFATE— ^TEACHIUmSx^__ SULFATE 

COPIUM + SCHOOLIUM CHLORIDE SCHOOLIUM 4* COPIUM ^ , ^ 

^ . T 



C. COPIUM + TEACHIUM SULFATE ^ ' + COPIUM SULFATE' 

' D. POTASSIUM. + COPIUM CH?^j^IDE — » ' +, POTASSIUM CHLORIDE \ 

TASK II: ,KEEP IN MIND THAT THE FOLLOWING COLORS ARE^ PRODUCED 
IN FLAMES BY THE INDIVIDUAL UNIT PAFiTlCLES: ' COPIUM J»RODUCES. 
RED; SCHOOLIUM PRODUCES GREEN; TEACHIUM PRODUCES^YELLOW . 

NOW, IN THE ABOVE WORD EQUATIONS, PLACE K V Qi& ALL' O^IE SUB- 
STANCES WHICH COULD MAKE A FLAlsJE ' YELLOW , ^D AN i? ON ALL THE 
SUBSTANCES WHICH WOULD MAKE A FLAME 

A-^^ - . . , . : 

Collect the assessment pag^s completed by th^ children and then 
distr,ibute page the final item in this ^Tssessment . 

■ f ■• . , • ■ ■ . • 

Page I . ' . 

NOW LOOK AT /PAGE' I . 

. - ~- > ■ » ' 

TASK Illr KEEP IN MIND THE OBSERVATIONS THAT 'CHLORIDES 'FORM 
CUBES, SULFATES FORM. NEEDLES , AND NITRATES FORM ANGLED CRYSTALS, 
NOW IN-THE FOLLOWING -LIST OF SALT MOLECULE^ PLACE A SQUARE, □, 
NEXT TO THE MOLECULES YOU' EXPEC.T "TO FORM CUBES WHEN THEY 'CRYSTAL 
LIZE, AND A LINE, — .NEXT^^ THOSE WHICH YOU EXPEC.T TO FOI^ NEE- 
DLES. -HERE IS'THE LIST. 
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A. POTASSIUM CHLORIDE 

^B. COPIUM SULFATE 

C. TEACHIUM CHLORIDE 

QV TEACHIUM SULFATE 

^ E. COPIUM NITRATfe 

F. SODIUM CHLORIDE 

. G. SGHOOLIUM NITRATE 

H. COPPER NITRATE 
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Name: 



1. If YOU WERE TO EXAMINE A TREE, YOU WOULD FIND THE THREE THINGS BE- 
LOW. WHICH WOULD BE THE SMALLEST PART? 



- A. A' LEAF 

B. . A CELL 

C. A TWIG 



^0- 



2. A PUDDLE OF WATER IS COMPOSED OF THE THREE THINGS BELOW. WHICH 
WOULD BE nTHE SMALLEST PART? ■ . . » . . 

/ - . , 

A. A MOLECULE, of' WATER * . ' ' ' 

B. A DROP OF WATER 



C. 



A SMA^ 



CUP OF WATER 



3. the dee? blue solution formed when starch and iodine interact is , 
composed of several parts, including the following. which*of the parts 
noteiKbelow would be the smallest? • . 

a. the starch- iodine complex ' • '* 

b. the starjch molecule ^ ^ - " 

c. a r/4\wasp'60nful of solution ^ ' * • ' ' 
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Page B 



1. A. THE SMALLEST PARTS THAT ALL^IVING\THINGS HAVE IN COMMON ARE 

■leaves.." • ' - • 

• - 

B. THE SMALLEST PARTS THAT ALL LIVING THINGS HAVE IN COMMON ARE 
CELLS . - m. 



2. A. ALL IRON SULFATE CRYSTALS HAVE THE SAME SHAPE.- 

B. IRON SULFATE MAY CRYSTALLIZK IN -SEVERAL DIFFERENT SHAPES. 



3. A. WATER MOLECULES ARE A PART OF ALL HYDRATE SALTS. 

• B. WATER MOLECOLJfS ARE A PART OF ALL' KINDS OF SALTS. 

• ' ■ ■ n 

4. A. A PART OF THE BLUE VITRIOL MOLECULE IS 'COPPER. ' 
B.' A PART OF COPPER IS THE BLUE VITRIOL MOLECULE. 



5. A^ EVERY .SALT CONTAINS SOME COPPER. ' 
B. SOME SALTS DO NOT CONTAIN COPPER. 



er|c 
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Page C 



HERE ARE SOME MORE PROBLEMS ABOUT PARTS OF WHOLES. IN EACH ITEM BELOW 
YOU WILL FIND a' PICTURE OF A STRUCTURE MADE 'uj> OF CERTAIN UNIT PARTS. 
AN INTERACTION IS SHOWN WHICH RESULTS IN CHANGES IN THE ARRANGEMENT 
OF THE UNIT PARTS . COMPLETE THE, STATEMENT OF THE INTERACTION BY 
DRAWING THE CORRECT FIGURE OVER THE QUESTION MARK OR BY COMPLETING THE 
PICTURE aVER THE QUESTION 'mARK . * , - ' ' ' ' „ . 

HERE IS AN E-XAMPLE: 



XO + Y 



YO + 



TO COMPDETE this "INTERACTION AN X SHOULD BE PLACED OVER : . THE 
COMPLETED STATEMENT WOULD READ AS : * " • 



XO + Y- 



YO + X 
? 



o 
o 
o 



o 



o 



/ 



2. 




□ 

4- □ 
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1. A MODEL OF THE TWO PARTS OF A SALT MOLECULE IN A BLUE COLOREET ' 

SOLUTION CAN BE PICTURED AS Q WHILE A MODEL^OF THE MOLECULES 

IN A COLORLESS OR POSSIBLEY SLIGHT YELLOW* SOLUTION CAN BE PICTURED AS 

□ ~0* WHICH COULD BE 'the APPROPRIATE PAIR OF SYMBOLS FOR THE UNIT 
PARTICLES MAKING UP THE DISSOLVED SALT MOLECULES? 

A.. STANDS FOR COPPER, AND O STANDS FOR SOLFATE 

;B. ^ STANDS FOR IRON, AND Q STANDS FOR SULFATE 

C. O STANDS FOR. QOPPERr AND<Z^ STANDS FOR IRON. 

2.. DOTTY 1>ICKED UP TWO JARS EACH COl^,TAINING BLUE SOLUTION. ^SHE KNEW 
THAT ONE SOLUTION^i CONTAINED COPPER SULFATE. IN ORDER TP IDENTIFY THE 
SOLUTION CONTAINING COPPER SULFATE, SHE SHOULD: 

A. FILTER PART' OF THE SOLUTION AND LOOK FOR THE APPEARANCE OF 

COPPER IN THE FILTER PAPER-. ^ 
* » 

B. PUT A PIECE OF IRON IN ' PART OF THE SOLUTION AND LOOK FOR 
THE APPEARANCE OF COPPER IN THE IRON*. 

C'. OBSERVE THE SOLUTION V^Y CAREFULLY WITH A MAGNIFIER.^ > ^ 

' " • / ' '-^••^ ■ 

3. MORRIS DISSOLVED SOME BLUE COPPER CHl^bRIDE SALT IN" WATER.' HE 
DECIDED TO REFORM SOME CRYSTALS AND SO HE PLACflD SOME OF THE S0LUTi6n 
IN AN ALUMINUM' PIE f AN . WHAT MIGHT HAPPEN? 

A. A ^IG HOLE WOUJ^D APPEAR IN THE PAN AND SOME METALLIC 

COPPER WOULD FORM. 
/ * - ' ' . * " 

B. VnOTHING would change in the APPEARANCE OF THE BLUE COPPER 
/ CHLORIDE SOLUTION IN THE PAN. ' . ' ^ 

C\ THE WATER WOULD EVAPORATE VERY QUICKLY FROM THE BLUE 
SOLUTION IN THE PAN. ' 
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LIZ IS DOING AN EXPERIMENT WITH ' A WHITE CRYSTALLINE SALT. SHE OBSERVED 
THE CRYSTALS WITH A -MAGNIFIER AND SAW THAT THEY WERE IN THE SHAPE OF 
DIAMONDS, 0 . when" SHE HEATED SOME OF T^E CRYSTALS IN A FLAME, THE 
FLAME BECAME RED. ^ • . 

1. LIZ DISSOLVED SOME OF THE CRYSTALS IN mTER. WHEN THE SALT 
RECRVSTALLIZED, LIZ OBSERVED THAT THE CRYSTALS WERE ALSO DIAMOND SHAPED 
SHE CONSIDERED THIS WAS TO BE EXPECTED SINCE: % 

A. -DIAMOND SHAPED CRYSTALS ARE ALWAYS FORMED BY WHITE SALtS . 

'B. -SHE ALLOWED T^fe* S'OLUTION TO STAND OVERNIGHT. 



C. WHEN THE -SUBSTANCE DISSOLVED IN THE WATER, ITS COMPOSITION 
HAD NOT CHANGED. ; 



2. LIZ MADE UP SOME MORE SOLUTIOfJ. BY ACCIDENT SOME OTHER POWDER 
FELL IN. THE SOLUTION BECAME CLOUDY. SHE FILTERED IT AND SET ASIDE 
THE CLEAR LIQUID WHICH CAME THROUGH. SHE OBSERVETD THE LIQUID THE 
NEXT DAY. LONG NEEDLE SHAPED CRYSTALS HAD FORMED. WHICH -OF THE 
'FOLLOWING MOST LIKELY EXPLAINS WHAT HAPPENED? ^ 

« 

. * A. THE. SOLID SALT WAS- THE SAME AS.TH^ ONE- SHE 5TARTED WITH* - - 

BUT th£; crystals were longer. . '' 

B. DRYING OUT ALWAYS CHANGES CRYSTAL SHAPES. ^^^^^ 

^ C. THERE WAS AN INTERACTION WITH THE POWDER AND A 
^ ' DIFFERENT KIND OF MOLECULE WAS JFORMED. 

* / ^ 

. 3. LIZ THEN HELD THE NEW NEEDLE SHAPED CRYSTAL^ IN A FLAME, THE 
FLAME WAS THE SAME COLOR RED AS SHE OBSERVED WITH THE DIAMOND CRYSTALS. 
WHICH OF THE FOLLOWING BEST EXPLAINS WHY? 



A. WHITE CRYSTALS ALWAYS PRODUCE RED FLAMES. 

B. THE SAME tJNIT PARTICLE WAS PRESHNT IN BOTH THE DIAMOND 



AND NEEDLE SHAPED CRYSTALS. 



> 



C. THE WATER AND THE POWDER INTERFERRED WITH THE TESTING 
in' THE FLAME. 



6i 
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4. LIZ DISSOLVED THE NEEDLE SHAPED CRYSTALS. SHE INSERTED A PIECE 
OF METAL WIRE INTO THE SOLUTION. THE SOLUTION .TURNED GREEN. SHE 
MIGHT EXPECT THAT: ^ 

A.* OVER A PERIOD OF TIME, THE SOLUTION WOULD BECOME A DARKER^ 

GREEN . ' ^ 
• * 

' B . - A NEW KIND OF MOLECULE HAS BEEN FORMED FROM PART OF THE 
METAL. ■ , \ 

C. BOTH A AND B ABOVE. 



5. THE MOST LIKELY • REASON FOR THE ABOVE OBSERVATION IS THAT: 

A. PARTICLES 'MAKING UP' THE METAL WIRE EXCHANGED PLACES WITH 
PARTICLES MAKING UP THE SALT MOLECULES IN SOLUTION. 

B. METALS GENERALLY FORM GREEN SOLUTIONS. 

C. PARTICLES ARE COMING OFF THE WIRE AND MIXING WITH THE 
• DISSOLVED SALT TO MAJJtE IT GREEN. 

-6. LK^^TESTED THE GREEN SOLUTION IN A FLAME % IT DID NOT MAKE THE 
FLAME RED, BUT MADE THE FLAME PURPLE. WHAT IS THE MOST LIKfiLY REASON? 

A. THE GREEN MOLECULES IN THE SOLUTION AND THE ORIGINAL RED 

^ FLAME WOULD MAKE THE FLAME PURPLE. , • , 

' B. THE UNIT PARTICLE RESPONSIBLE FOR THE RED FLAME IS NO 
LONGER A PART OF THE MOLECULES IN THE SOLUTION. 

C. BOTH OF THE ABOVE ARE TRUE. 

'J ' ■ ' ' 

7. LIZ TESTED ANOTHER PIE{^ OF THE SAME METAL WIRE, IT IS MOST 
PR0BABLE THAT THE WIRE WOULD PRODUCE A FLAME THAT WAS: 

A. RED . . ' ♦ . '. 

B. 'PURPLE - V • • - 

C. ^COLORLESS 

8. LIZ DECIDED TO GROW CRYSTALS FROM T HE ' GREEN SOLUTION SHE HAD MADE, 
WHICH OF THE FOLLOWING WOULD SHE MOST LIKELY, OBSERVE FOR THE CRYSTALS - 
WHICH FORM? / ■ ■ ' . ' \ 

A. THEY MIGHT BE COLORED GREEN. , * 

B. THEY WOULD- CERTAINLY BE NEEDLE SHAPED. 

C. THEY MIGHT BE COLORED .PURPLE JiS WAS THE PliAME^ 



t 
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THE SITUATIONS HAVE TO DO WITH EXPERIMENTS DONE IN A CLASSROOM IN 
ANOTHEIi COUNTRY. THE CHILDREN OBSERVED AND THEN EXPLAINED WHAT THEY 
THOUGHT WAS HAPPENING TO THE MOLECULES. THEY USED WORD "EQUATIONS". 
SOME OF THE NAMES THEY USED FOR"' PARTICLES WERE DIFFERENT FROM THE.Cmfs 
WE U^-. IN -GENERAL, THEY FOUND THE FOLLOWING TO OCCUR IN THEIR OBSER- - 
VATIONS: • * ' • - • 

■ ■ • . •: '■ 

■ . ' - CHLORIDE CRYSTALS WERE CUBE- SHAPED . 

SULFATE CRYSTALS WERE NEEDLE-SHAPED . \ _ . ■ , 

, ■ ^TRATE -CRYSTALS WERE S^GLE-SHAPED . ' 

AND IN A 'flame "COPIUM" MADE I^^^D. 

. "SCHOOLIUM" MADE IT GREEN. , 
" TEACH lUM" MADE IT YELLOW. " 



TASK I: COMPLETE THE FOLLOWING WORD EQUATIONS BY FILLING IN THE 
BLANK LINES. ' / * 

A. SCHOOLIUM + TEACHIUM SULFATE -—A- TEACHIUM + SULFATE 

B. COPIUM + SCHOOLIUM CHLORIDE -^^^^ SCHOOLIUM + COPlUM . J. 



C. COPIUM + TEACHIUM SULFATE . — — + COPIUM SULFATE 

D. '- POTASSIUM +»COPIUM CHLORIDE — ^ + POTASSIUM CHLORIDE 

: ■ ■ ' J 

TASK II: KEEP IN MIND-'iaiAT THE FOLLOWING COLORS ARE PRODUCED, IN FLAILS 
BY THE INDIVIDUAL UNIT PARTICLES: COPIUM PRODUCES RED; S.CHOOLIUM PRO-. 
DUCES GREEN; TEACHIUM. PRODUCES YELLOW. ' i ' ' ^ 

NOW, IN -THE ABOVE WORD EQUATIONS, PLACE A ^ ON ALL THE SUBSTANCES WHICiS 
COULD MAKE A FLAME YELLOW, AND AN R ON ALL THfe SUBSTANCJES WHICH WOULD 
MAKE A FLAME RED. 
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TASK HI:' KEEP IN MIND THE OBSERVATIONS -f HAT CHLORIDES FORM CUBES, 
SULFATES FORM NEEDLfeS, AND NITRATES .FORM ANGLED CRYSTALS. NOW '^EN THE 
FOLLOWING LIST OF* SALT MOLECULES PLAGE A, SQUARE, Q N&XT TO THE 
MOLECULES YOU EXPECT TO FORM CUBES* WHEN TI!Ey 'CRYSTALLIZE , AND LINE,— 
NEXT^TO THOSE WHICH YOU EXPECT TO FORM NEEDLES. HERE' IS TkE l'iST. 

» • • » 

^ A.. POTASSIUM CHLORIDE , - 

V ^ ' " ^ ' 

B. COPIUM SULFATE. _ ^ ' 

C. TEACHIUM CHLORIDE • ' ' * , 



D. TEACHIUM SULFATE 
COfflUM N-ITRATE 



E. 
F. 
G. 
H. 



SODtoUM CHLORIDE 
SCHOOLIUM NITRATE 
COPPER NITRATE' ' 
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Minisesquence IV 

A Tendency To Spread Out 




Screening Assessments 



The concepts developed 'in Minisequence IV and tested 'in this 
set of Assessments are* 

a. When two samples of a l^Lquid at different temperatures 
are placed in thermal contact, such th4t heat energy 
transfer can ta)ce place, ^ * 



1 . 



the heat energy transfer will, be from the sample 
at the higher temperature to that at the lower 
temperatu2^ 



2,. the t^otal heat energy in all parts" of the^ system 
remains constant. Heat energy is GX3inserved. 

s - ■ ' , . 

b. Although heat energy, is conserved on mixing samples of\ 
water having different temperatures, the available heat'* 
energy , being at a lower temperature , kiay ^no- longer be 

\ ^ able to perform ^certain work--such ^as breaking bonds 
within -certain solid substances. That is, the heat 
energy has been degraded^ 

. V . ' 

c. There is a natural tendency for molecules to spread out 
into whatever space is available to them . 

d. Molecules tend to move fr<ym regions of higher concen- 
tration to regions of .lower concentration, just as in 
the transfer of» heat energy. 

e. ^As the molecules " dispers"^ (spread out) over a period of 

tlAe/ there develops a smooth gradation (gradient) in 
* concentration fron the higher t^^the lower concentration 
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region 



Systems, i-f undisturbed, tend naturally towards equal 
concentrations of molecules and equal temperatures, a ' \ 
state of equilibrium* • * ' 



g. The spreading^out into r^gions of lo^er concentration and 
the attainmenPt of a state of equilibrium 'can be .thought of 
as a "net" or average result. At the molecular lev^l, 
some molecule s may be moving in the ^ reverse direct lo n-- 
.i.e., into regions of higher concentration. 

The Assessment i_s in four parts; if desired, 'Par t 1 , which 
deaj.s wi^h concepts ^ and b, may be administered after Activity 
3. The remaining parts deal with concepts c through *f . Con- 
cept g, which i^ further developed in Minisequence V, will be 
tested in the • next* group of Assessments. 

Distribute the p^^^^es of the assessment and have the children 
write their names in the appropriate places. Part 1 should 
take about 15 minutes and Parts 2, 3, and 4 should take 
another 15 minutes to administer. 



PART 1 



Page A^ / 

B.e sure the children have pages A; >^B'i C,"^"D, and Ef^ ' 

IN THIS ASSESSMENT I HAVE SOME QUESTIONS ABOUT THREE SITUATIONS 
EACH SITUATION HAS A NUMBEIJ OF DIFFERENT QUESTIONS -TO ^BE AN- ' 
SJffiRED. EACH QUESTiONrC^ FOLLOWED BY POSSlto ANSWERS ^OR 
BLANK SPACES IN WHICH MJSWERS ARE TO BE WRITTEN. '^I SHALL READ 
ALOUD EACH QUESTION AND ITS POSSIBLE ANSWERfi, WHEREVER THEY* * 
ARE GIVEN. YOU MAY READ SILENTLY ALONG WITH ME. .CIRCLE THE.' 
LETTER IN FRONT OF YOUR PREFERRED RESPONSE TO THE QUESTION 
OR FILL IN THE BLANK SPACES AFTER I- FINISH READING. HERE IS 
THE FIRST SITUATION.. ^ . . - * 

Jif you 'think it helpful to the chil^^iTen ,^ re'pcat each qu^estion 
*a's "they select their choices.) ^ - • w 

SITUATION I: ^-BETTlf-MS INVEST IGATJalNG A fil^RTAIN WffiCTE ' 
CRYSTALLINE SdLr&^' SHE FOUND . THAT IT WaULD MELT V^HENEVlfR IT 
WAS PLACED NEXT? TO A SURFACE 'WITH 'A TEMPERATURE ' OF ^S'C. THE 
FOLLOWlfJc GRAPHS REPRESENT THE VOI4UME- TEMPERATURE PROPERTIES 
OF FOUR DIFFERENT l>XfRS OF WATER SAMPLES'. 
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Page B * , 

KEEP PAGE A IN FRONT OF YOU, BUT TURN TO PAGE B.FOR THE FIRST 
QUESTION.^ 1^ ' ' ' ' 

1. . IN THE BLANK*^ ace's BELoI^ ENTSR THE NUMbI^OF h.e.U. 's" 
IN EACH SAHMa;: . : ' , 

PAIR #1 SAMPLE A. ^ /SAMPLE B. ' • . 



PAIR #2 SAMPLE, C. SAMPLE D._ 

t 

PAIR #3 -SAMPLE E. ♦ , _ SAMPLE' F. 

PAIR #4 SAMPLE G. SAMPLE H. 



2. TO^THE RIGHT OF EACif PAIR OF GRAPHS' CONSTOCT A GRAPH 
WHICH SHOWS THE -VOLUME-TEMPERATURE PRDPERTIESBF THE MIX 
OBTAINED WHEN THE TWO Si^PLES Ot" TffE PAIR ARE POURED TOGETHER. 
NOTICE THAT THE^^ FIRST ONE IS ALREADY DONE 'FOR toU, BELOW. 

3 »^ NOy LOOK AT THE GRAPHS ^F THE PAIRS OF WATER SAMPLES » 
\(BJEF0RE ;TEEY' WERE MIXED).. #3:TH YOUR PENCIL MARK THE h.e.'U.'s" 
OJS^ THE "GRAPH WHICH ARE TRANSFERRED OtJT.FROM ONE OF .THE SAMPLES 
IN^ EA,GH PAIR. NOT-ICE TI^AT & FIRST ONE IS ALREAD*? DONE FOR 
YOU BEL(3W. ■ - ' ■ * 

Page C. " f] ° " 

^TU^ TO PAGE C, BUT STILL -nd^V PApE A FRONT OF YOU. 

4 . , -BETTY FOUND THAT THE WHITE CRYSTAL'S MENTIONED EARLIER* j 
WOULD MELT" -WHEN PLACED NEX^T TO .SAMPI^ F." WHICH °0F THE'^OTHER 
SAMPLES CAN ALSO MELT THE CRYSTALS? Ay B, C/D, E OR G? . 
CIRCLE^THP LETT.^S OF .THE, SAMPLES . 

5>; ' THE MIX MADE PROM SAMPLES E ^flD 'F COULD/ALSO MELT THE 
CRYSTALS. THIS WOULD ^ HAP PfiN , BECAUSg : ^ * , 

■ f 

I A..f THE MIX CONTAINS ALL THE h.e.U'. 's OF EACH SAMPLE. 

' ? B. ' THE TEMPERATURE OF ^HE MIX WAS rf^GH ENOUGH TO MELT 
; THE. SOLID. 

■ C. THE MIX CONTAINS SQ MUCH MORE WATER^.THAN THE SEPARATE 

'< SAMPLES^ ' ' • ' 
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6. JT WOULD' BE EXPECTED THAT THE WHITE SOLID WOUI/D BIe' MELTED. 
BY ALL THE MIXES BECAUSE: 

' ■ . - . 

A. EACH SAMPLE MAKING UP THE M^ COULD MELT THE SOLJD'., 

B. THE MIX CONTAINS 'many MORE h.e.U.'s THAN, THE SEPARATE 
SAMPLES. . • . , -r-^ 

•® " . - 

C . THE STATEMENT IS REALLY NOT. TRIIE . " 



'Page D 

Now ask the child'ren to turn tO' pa,ge D. ' They will not need 
page A /or ^ refer ence anymore. , ^ ' 

HERE IS SITUATION II : MURIEL HAD A LARGE CONTAINER WITH 10 
MEASURES OF WATEB IN 'IT. THE TEMPERATURE OF THIS SAMPLE WAS 
10° C' SHE PLACED INTO THIS LARGE SAMPLE OF .WATER A SMALL ' 
STOPPERED TUBE CONTAINING ONLY 1 MEASURE OF HpT TEA. THE 
TEMPERATURE OF THE TEA WAS 80°C. HERE ARE SEVERAL STATEMENTS 
ABOUT THJS SITUATION. -CIRCLE THE LETTER. OF THE RESPONSE WHICH 
BEST COMPLETES EACH STATEMENT. , . - 

1. IF MURIEL CALCULATED THE' HEAT ENERGY IN EACH SAMPLE BEFORE ' 

•she placed the tube of tea in t^e large sample of water? she 
would find that:* . 

a. both samples contain the ^ame amount of heat' energy. 

b^ the smaller sample of tea contains jfere heat energy 
than the^larger sample of water'.-. 

. . the largee sample of water contains more heat energy 
'than the smaller sample of tea. 

^. AFTER THE^TDBE WITH THE TEA WAS SITTING* IN THE WATER SAMPLE 
FORjA FEW MINU1ES MURIEL SHOULD EXPECT THAT: » 

^ A. 'HEAT ENERGY WOULD BE TRANSFEIiRED ©UT^.OF'THE SMALLER" 
^ SAMPLE. - y * . 

B. HEAT ENERGY WOULD BE TRANSFERRED OUT OF THE LARGER 
SAMPLE-. * " 

. / 

«* 

' ' C. THERE WOULD BE NO TRANSF^ OF HEAT ENERGY FROM EITHER . 
SAMPLE. ^ r 
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3. AFTER THE TUBEMITp THE TEA WAS LEFT HI ' THE C01?|rAlNER ■QF^ 
WATER FOR ABOUT lOfMINfJTES, HURIEL DECIDED TO MEASURE THE 
TEMEERATURE OF EACi SAftPLE . ,SHE SHOULD EXPECT TO e|:ND THjjiT^J 
' -* -" ' ^. ' ' , ■' 

A. THE" TEMPSRIlTURE OF BOTH SAMPLES WOULD' BE THE SAME T ' 

^B. THE TEMPERATURE OF THE SAMPLE OF TEA' WOULD*'SE HIGHER" 
THAN THE LAI^GER SAMPLE OF WATER i , .) 

^ ' ' V r ' ' 

C . THE TEMPERATURE OF TfiE LARGER SAMPLE' OF WAITER WOULD 
BE HIGHER 'THAN THE SMALLER SAMPLE OF TEA. _f 

' « . ■ :• • ^ ■ . . : ' 



4., AFTER 10 MINUTES MURIEL .V^OULD NOTICE THAT: ' 



A. THE ORANGE TEA COLOR', HAD SPREAD THROUGHOUT ItHE LARGER 
CONTAINER OF WATER. ' * ■ 

. ~ ' ' J . 

B. THE ORANGE COLOR OF THE TEA HAD BECOME DARKER. *^ 

C. THERE WAS J^O CHANGE JN.THE COLOR OF THE LIQUID. IN ' 
EITHER CONTAINER. : , ' I 

Page E 

NOW TURN. TO PAGE E. 

SITUATION IJI: DARRELL PUT A METAL BICYCLE IN HIS ROOM. THfi 
TEMPERATURE OF THE ROOM WAS 25° C'. LATER WHEN HE TOUCHED THE 
METAL PARTS OF THE BICYCLE IT MADE H IS ' HAND FEEL COOL.- . HE 
KNEW THE TEMPERATURE OF HIS BODY WAS GENERALLY ABOUT 37 °C. 



1. IN EXPLAINING WHY filS HAND FELT COOL WHEN HE TOUCHED THE 
BIKE DARRELL REASONED THAT THIS WAS BECAUSE: 

A. MSTALS ALWAYS FEEL COOL TO THE TOUCH. ^ 

B. THERE- WAS A TRANSFER OF HEAT ENERCf FROM HIS HAND 
TO THeViRE.- ■ \ ' 

C. HEAT ENERGY ALWAYS TRANSFERS OUT OF A PERSON'S BODY. 



2. IN THE SUMMERTIME HE STORED THE BIKE IN A CLOSED ROOM IN 
WHIQH THE TEMPERATURE WENT UP TO'^CC iTHAT 'IS, 10-4° ON THE 
FAHRENHEIT SCALED . 'WHAT MIGHT DARRELL NOW EXPECT. TO FEE!l 
AS HE PICKED UP HIS METAL BIKE? ' ' > 
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. • -I ■ ■ ■ • ■ 

A. IT WILL FEEL HOT SINCE ITS TEMPERATURE IS HIGHER *HAN 
DARRELL ' S • BODY TEMPERATURE . . ' . 



B. IT WILL STILL FEEL COOL TO THE^TOUCH SINCE THE BIKE 

-IS ^^ADE OF METAL.- 'j ' - . ' 

i 

C. IT WILL FEEL NEITHER COOL NOR HOT SINCE THE TEMPERATURE 
IS NORMALLY_ 'HIGH IN THE SUMMERTIME . ' 



SITUATION iVi: SUPPOSE THAT YOU HAVE 5 MEASUR^ OF WATER AT 
15 °C IN A MljTAL CUP SUSPENDED IN A LARGE CONTAINER HOLDING 
10 ^ASURES pF WATER AT 10 °C. SOON HEAT. ENERGY WILL BE TRANS- 
FERRED FROM: 

A. THE WATER OUTSIDE TO THE WATER INSIDE THE CUP BECAUSE 
THEIp: ARE FEWER h.e.u.'s IN THE WATER « IN THE CUP. 

B. INSIDE THE CUP TO THE OUTSIDE/ BECAUSE HEAT ENERGY' 
TRAl^SFERS FROM HIGH TEMPERATURE TO LOW TEMPERATURE. 

C. IN NS,ITHER DIRECTION BECABfSE ' THERE IS NO DIRECT CON- 
■fTACT BETWEEN THE TWO SAMPLES OF WATER. 

J " ' '' 
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Pagie F ■ ^ , . . ' 

- . Have the cihildren turn to page F. 

HERE YOU WILL FIND PAIRS OF STATEMENTS. ONE OF ^HE" STATEMENTS 
IN- EACH PAIR IS TRUE AND THE OTHER IS NOT TRUE. READ BQTH 
STATEMENTS SILENTLY TO VOURSELF WHILE I READ THEM ALOUD TO 
you; after I HAVE READ BOTH- STATEMENTS DRAW A CIRCLE AROUND 
THE LETTER OF THE STATEMENT .WHICH IS TRUE^ \, ' " 

»1. - A. HEAT ENERGY IS TRANSFERREt) ONLY FROM A .REGIOJJ OF LOW ' 
TEMPERATURE TO A REGION OF HIGH TEMPERATURE.. ' ■ 

B. HEAT ENERGY ISJPRANSFERRED ONLY FROM A REGION OF- HIGH 
TEMPERATURE 3& A REGION OF LOW ' TJIMPERATURE 

2. WHEN TWO SAMPLES OF WATPR ARE MIXED: ^ 0 

A, THE HEAT ENERGY .OF THE MIX IS THE SUM' OF" THE H£AT * 

enI;rg;ees^of the - two samples. ^ ' ' 

.b. the temperature of the mix is the sum of the ' , 

, TEMPERATURE OF THE TWO SAMPLES. 
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MINISEQUENCE IV ASSESSMENTS 

3- . ' 



. 3. WHEN A SAMPLE OF A SOLUBLE SUBSTANCE IS PLACED IN CONTACT 

WITH WATER, ITS MOLECULES: • * " « ' ' 

A. SPREAD OUT UNTIL 1*HEIR CONCENTRATION IS THE SAME 
THROUGHOUT ALL THE?: WATER, INCLUDING WHERE THEY WERE 
ORIGJfJALLY PLACED.' ' , * " 

B. SPREAD OUT INTO TSE WATER AND CONCENTRATE IN REGIONS ' 
AWAY FROM WHERE TI|E SAMPLE WAS FIRST PLACED • 

^.4. A. A- SAMPLE* OF PURPLe] COLORED GAS, WILL DIFFUSE THROUGH 
THE AiR AND BECOME|„LIGHTER IN COLOR AS "IT DO^ > 

B. A SyAMPLE OF PURPL^ COLORED GAS WILL DIFFUSE THROUGH THE 
AIR AND DARKEN AS 1lT DOES SO. 

I ■ 

PART 3' .'I . . 

Page G } . ' 

■ Have the children now turn to 'page G. . ^ 

HERE ARE THREE STATEMENTS TO BE COMPLETED OR QUESTIONS TO BE . 
ANSWERED. AGAIN, CIRCLE YOUR PREFERRED ANSWER. ' - ' 

1. A TEA BAG IS PLACED IN A 'lAP^E ,P0T FILLED WITH WARM WATER. 
WHAT WILL BE OBSERVED IMMEDIATELY?- 

A. ALL- THE WATER IN THE POT WILL BECOME AN 0RAN6e COLOft, 
• THE COLOR* OF THE TEA. ^ ' ' 



B.' ONLY THE WA|?ER AROUND THE ^ TEA BAG WILL BECOME AN 



^ ORANGE COLO 

C. WATEl^ IN DIFFERENT PARTS OF THE POT- WILL BECOMfif AN 
ORANGb COLO^t-.' v ' ■ ' - 



•AFTER A FEW MINfTES, WE WOULD EXPECT THAT: 

A. ALL THE WAT^R IN THE POT WILL BECO_ME THE 'SAME ORANGE 
COLOR . ^ % . ■ ♦ ■ 

.B. ALL' THE WATER WIIiL BE ORANGE BUT, THE COLOR OF THE 
WATER NEAR THE SIDES' OF THE POT WILL BE LESS-. 



C . THE ORANGE COLOR WILIi BE OBSERVED ONLY NfiXT TO' THE"" 
• SIDES OF THE TEA POT^^-^' . ■ ^- '• 
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3. BOB BROUGHT SOME VERY SWEET SMELLING ROSES TO JAN. SHE 
PUT rdHEM IN A ROOM AHD THEN TOOK A NAP. JBjjEN SHE AWAKENED, 
SHE SHOULD EXPECT THAT: ' ' ' 

A. THE ODOR OF THE ROSES WOULD BE OBSERVED JUST AROUND 
^ THE FLdWERS. 

B. . THE ODOR OF THE ROSES WOULD PROBABLY BE OBSERVED 
' . THROUGHOUT THE ROOM. ' 

C. THE ODOR 'of the ROSES WOULD BE OBSERVED ONLY NEAR ' 
THE WINDOWS A.HD DOOR. . 

• ■ ■ o 

PART 4 • 
Page H ' , 

This last part appears on pages H, I. and J. 

THE FOLLOWING SETS OF PICTURES HAVE TO DO WITH SEQUENCES OF 
CERTAIN EVENTS WHICH I SHALL DESCRIBE TO YOU. IN THE FIRST ' 
THREE 'SITUATIONS THE PICTURES REPRESENT PARTS OF A SEQUENCE 
SHOWING WHAT WAS HJ^PENING AT DIFFERENT TIMES. LOOK AT EACH 
SITUATION AND MARK THEM. ACCORDING TO THE INSTRUCTIONS^ I SHALL 
GIVE y6u: ,TURN'T0 PAGE'H. 

SEQUENCE I: THESE. PICTURES REPRESENT A 'BAG OF COLORED SOLUTION 
AND SOME CLEAR WATER; PLACE AN 4 ON THE PICTURE WHICH SHOWS 
WHAT MIGHT BE FIRST . IN THE SEQUENCE An5 A Z DN THE PICTURE 
WHICH SHOWS WHAT WOULD BE -HAPPENING LAST IN THE |EQUENCE; 
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SEQUEnCE II: THESE PICTURES ' ALSO" REPRESENT A SEQUENCE OF 
EVENTS WHEN A COLORED SOLUTION IS P-LACED NEXT TO WATER BUT 
SEPARATED BY WALLS OF A CELLOPHANE BAG THROUGH WHICH ALL THE 
MOLECULES CAN?m6vE. AGAIN PLACE i^N ON THE PICTURE WHICH ' 
SHOWS WHAT MIGHT BE FIRST IN THE SEQUENCE AND A Z O.N THE 
PICTURE WHlCH SHOWS WHAT WOULD BE HAPPENING LAST IN THE SEQUENCE. 






SEQUENCE III: CLEAR' WATER AND A THICK SYRltP CONTAINING SUQAR 
MOLECULES WERE POURED INTO THE SAME TEST TUBE THE X'S'IN THE 
PICTURE REPRESENT THE SUGAR MOLECUJjES. PLACE AN A ON THE 
PICTURE WHICH REPRESENTS THE BEGINNING OF THE SEQUENCE ^ND A 
Z ON THAT PICTURE OF THE SEQUENCE AFTER THE mIxTURE HAD BEEN 
STANDING, FOR A TIME. . • ' . 





















■X X 






X)C 


, 0 
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w 
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Page I 

NOW TURN TO PAGE I .' 



SEQUENCE IV: THE .FOAOWING GRAPHS REPRESENT' A SERIES OF ^ 
TEMPERATURE MEASUREMENTS TAKEN, AT DIFFERENT POSIMONS ALONG 
A METAL SPOON tPli&^T IS SITTING I$I A'^CUP .PILLED WITH ^RY HOT 
CHOCOLATE. FIVE TEMPERATURE MEASUREMENTS ARE MAt)^: 'll WAS 
MAE(fc AT A POSITION ON THE SP.QON CapsfeST' TO THE HOT LIQUID." 
#5 ^?AS MADE ON^THAT PART OF. THE S^ON FARTHEST AWAY A' 



t 
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RECORD 'OF THE TEMPERATURES WAS MADE AND A GRAPH WAS CONSTRUCTED 
TO SHOW HOW THE TEMPERATURES AT THE DIFFERENT POSITIONS ALONG 
THE SPQON COMPARED WITH EACH OTHER. 




/ 
t 




a) PLACE AN 'X UNDER THE GRAPH WHICH BEST REPRESENTS 
.THE TEMPERATURES YOU WOULD EXPECT AT DIFFERENT 
POSITIONS ALONG THE SPOON. 
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r ; POSITION 








POSITION 



TURN TO PAGE -J; 



b) IF- ALIca. SHOULD DECIDE TO PIC^c' UP THE SPOON, AT 
WHAT POSITION- SHOULD SHE PLACE HER FINGERS? - 

* 'a. at POSITION' #1 • ■ 

\ 

a* AT POSITION #5 . ' • ' 



g8 



C, AT POSITION J3 



?4 
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THE'^OON IS TAKEN OUT OP THE HOT CHOCpLATE AND 
PIJACED on the table. AFT]?R about 20 MINUTES ALICE 
MEASURES'' THE ^TEMPERATURE AT- THE SAME FIVE POSITIONS 
ALONG THE METAL SPOON. ON: THE CHART BELOW PLACE 
DOTS TO SHOW WHAT A RECORD OF THE FIVE DIFFERENT 
TEMPERATURES ALONG THE SPOON WOULD LOOK LIKE. THp 
TEMPERATURE AT POSITION #3 IS ALREADY ENTERED. 
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SITUATION I: BETTY WAS INVESTIGATING A CERTAIN WHITE CRYSTALLINE 
SOLID; SHE FCKJND THAT IT WOULD MELT WHENEVER I'T WAS PLACED NEXT* 

TO A Surface with a temperature of 45°c. the following graphs 

REPRESENT, THE VOLUME -TEMPERATURE PROPERTIES OF FOUR DIFFERENT PAIRS 



OF WATER SAMPLES. 

Pair/#1 




/ 

Ik 



I I 2 
Sample Sample 

. • E F 

MEASURES 




^' "Sample 
D 

MEASURES 
Pair 14 




•2 ? 
Sample ' Sample. 
G ^ H ■ 

MEASURES 
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1. IN THE^BlI^K SPACES B^lioW ENTER THE* NUMBER' OF h.e.U.'s IN EACH 



SAMPLE: 

PAIR #i 
PAIR #2 
. PAIR #3 
. PAIR #4 



'SAMPLE, A. 
SAMPLE C. 
SAMPLE E. 
SAMPLE G. 



• SAMPLE B.i_ 
/ SAMPLE D.'£_ 
SAMPLE P.: 



4' 



SAMPLE H."'^ 



2. TO TfiET RJGHT Ot* EACH PAIR OP GRAPHS. c6nSTI^CT A GRAPH WHICH- SHOWS 
THE VOLUME-TEMPERATURE PROPERTIES OF THE MIX OBTAINED WHEN THE TWO 
SAMPLES OP THE ^PAIR ARE POURED TOGETHER. NOTICE THAT THE FIRST ONE ^. 
IS ALREADY DONE FOR YOU. : , ^ » ^ 

3. NOW LOOK AT THE GRAPHS OF THE PAIRS OF WATER SAMPLES (BEFORE THEY 
WERE MIXED). WITH .YOUR PENCIL MARK THE h.e.u.,'s ON THE GRAPH WHICH 
ARE TRANSFERRED OUT FROM ONE OF THE SAMPLES IN EACH PAIR. NOTICE 
THAT THE FIRST ONE IS ALREADY DONE FOR YOU. BELOW. 




MEASURES 
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4. BETTY FOUND THAT THE WHITE CRYSTALS MENTIONED EARLIER WOULD M^LT 
WHEN PLACED NEXT TO SAMPLE F. WHICH OF THE OTHER SAMf>LES CAN ALSd\ 
MELT TiiE CRYSTALS? A, C, D, E OR G? CIRCLE THE LETTERS OF THE^ 
SAMPLES »t 

5. THP MIX MADE FROM SAMPLES E AND F COULD ALSO MELT THE CRYSTALS 
THIS ^OULD H^PEN BECAUSE: ; v. i . 

A. THE MI}r CONTAINS ALL THE h.e.uT's OF EACH SAMPLE. 

B. THE TEMPERATURE OF THE MIX WAS HIGH ENOUGH TO MELT THE 
SOLID.- JL. . - ■ * 



* , C. THE MIX CONTAINS SO MUCH MORE WATER THAN THE SEPARATE ^ 
.SAMPLES. ' » . 

r ■ ■ ■ . ■ ■ 

6. IT WOULD, BE EXPECTED THAT THE WHITE SOLID WOULD BE MELTED BY ALL 
THE MIXES^ BECAUSE: • " . • 

A. EACH SAMPLE^ MAiCING UP THE MIX COULD MELT THE SOLID. / ' 

B. -THE MIX CONTAINS MANY MOtE h.e.u.'"s THAN^ THE ^S^IPARA^ SAM^ES . 

C. THE STATEMENT IS REALLY NOT TRUE. " ' ' 



"A 



7 
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« 

SITUATION II: MURIEL HAD A LARGE > CONTAINER WITH 10 MEASURES OF 
WATER IN IT. THE TEMPERATURE OF THIS 'SAMPLE WAS 10°C; SHE PLACED 
INTO THi;^. LARGE SAMPLE OF WATER A SMALL STOPPERED TUBE CONTAINING 
ONLY 1 MEASURE OF HOT TEA. THE TEMPERATURE OF THE TEA WAS .80°C., , 
HERE ARE SEVERAL STATEMENTS ABOUT THIS SITUATI©N. CIRCLE ^HE LETTER 
OF THE RESPONSE WHICHyBEST COMPLETES EACH STATEMENT. 

1. IF. MURIEL CALCULATED THE HEAT ENERGY IN EACH SAMPLE BEFORE SHE ' 
PLACED THE TUBE -OF TEA IN THE- LARGE SAMPLE OF WATER, SHE WOULD FIND 
THAT: ' _ ■ ' ' 

A. . BOTH SAMPLES CONTAIN THE SAME AMOUNT OF ^ HEAT ENERGY. 

B. THE SMALLER SAMPLE OF TEA CONTAINS MORE HEAT ENERGY THAN 
THE LARGER SAMPLE OF WATER. , , 

r • 

C. ^THE LARGER SAMPLE OF WATER CONTAINS MORE HEAT ENERGY THAN 
THE SMAUiER SAMPLE OF TEA. 

,2. AFTER THE. TUBE WITH THE TEA WAS, Sll'TING IN THE WATER ySAMPI;,E FOR 
/a FEW MINUTES MURIEL SHOULD EXPECT THAT: ^ 

A. HEAT ENERGY WOULD BE TRANSFERRED OUT OF THE .SMALLER SAMPLE. 

B. HEAT ENERGY WOI^D BE T^IANSFERRED QUT OF THE LARGER SAMPLE. 

C. THERE WOULD BE NO TRANSFER OF fiEAT ENERGY FROM EITHER SAMPLE. 

3. AFTER THE TUBE WITH THE TEA WAS LEFT IN THE CONTAINE^\OF WATER * 
FOR ABOUT 10 MINUTES; MURIEL ' DECIDED TO M|ASURE THE TEMPEFOTURE OF 
EACH sample!. she SHOULD EXPECT TO" FIND THAT: 

A. THE TEMPERATURE OF BOTH SAMPLES WOULD BE THE SAME. 

THE TEMPERATURE OF THE SAMPLE OF TEA WOULD BE HIGHES/ THAN 
^THE LARGER SAMPLE OF WATER. 

* C. THE TEMPERATURE OF THE BARGE? SAMPLE OF WALTER WOULD 'BE 
HIGHER THAN /THE SMALLER SAMPJjE OF TEA. ^ * , / 

4. AFTER 10 MMKTES MURIEL WOULD NOTICE THAT: 





i a. - the c^bjlge tea color had spread throughout .the larger 
' contaIPr of water. 

- B. THE ORANGE COLOR OF- TiIe TEA HAD BECOME DARKER. 

c. there was no change in the color of the liquid in eithei^ 

- • ■ 'container. ' , ■ 



ERIC , • ' 73 



73 



SITUATION III: D;^RREI)l PUT' A METAL BICYCLE IN HIS ROOM. THE 
TEMPERATURE OF THE ROOM WAS 25°C. LATER WHEN HE TOUCHED THE METAL 
PARTS :0F THE BICYCLE IT MADE HIS' HAND FEEL COOL. ' HE& 'KNEW THE ' 
TEMPERATURE -9F HIS BODY WAS GENERALLY ABOUT^37°C. ♦ ^ 

1. IN EXPLAINING WHY HIS HAND FEiLT COOL'WHEfj HE TOUCHED THE BIKE-' 
DARREIiL REASONED THAT THIS WAS BECAU^j; : - * " . 

A. METALS ALWAYS FEEL COOL TO THE TOUCH. 



B, 



THERE WAS A TRANSFER OF HEAT ENERGY FROM HIS HAND TO 
THE BIKE. - , ' • 



C. HEAT ENERGY ALWAYS TRANSFERS OUT OF A PERSON'S BODY. 

■' ♦ 

2. IN THE SUMMERTIME HE STORED THE. -BIKE , IN* A CLOSED ROOM IN WHICH 
THE TEMPERATURE WENT UP TO 40 °C (THAT IS, 104° ON THE FAHRENHEIT 
SCALED . WHAT MIGHT DARRELL NOW EXPECT TO FEEL AS HE PICKED UP 
HIS METAL BIKE? . ' ^ ° 



A. IT WILL FEEL HOT SINCE ITS TEMPERATURE IS HIGHER THAN 
DARRELL • S' BODY TEMPERATURE . 

B. IT WILL STILL FEEL COOL TO THE TOUCH SINCE THE BIKE IS MADE 
. OF METAL. . 1 



C. IT WILL FEEL NEITHER COOL" NOR HOT SIlfCE THE TI 
^NORMALLY |IIG^ IN THE ^SUMMERTIME . 



IRATURE IS 



SITUATION IV: -SUPPOSE THAT YOU HAVE 5 MEASURES OF WA^ER AT 15°C HI A* 
METAL CUP "suspended IN A LARGE CONTAINER HOLDING 10 MEASURES OF WHTER 
AT.10°C, SOON HEAT .ENERGY WILL BE TRANSFERRED FROM: 

A. THE WATER OUTSIDE-TO THE WATER INSIDE THE CUP BECAUSE 
THERE ARE FEWER h.e.U.'s IN THE^ WATER IN THE CUP\ 

-INSIDE THE cffP TO THE OUTSIDE, BECAUSE' HEAT ENERGY 
TRANSFERS FROM HIQH TEMPRATURE TO LOW TEMPERATURE. 

• ^ # 

C. . IN NEITHER DIRECTION BECAUSE THERE IS NO DIRECT CON- 
TACT BETWEEN THE TWO SAMPLES OF WATER. 
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ERE. YOU WILL' .FIND 'PAIRS OF STATEMENTS. ONE OF THE STATEME^^TS IN EACH 
AIR IS TllUE AND THE OTHER IS NOT TRUE. ••«Bft&-fiQTH STATEMENTS ' ■ ' 
SILENTLY TO YOURSELF WHILE I READ THEM ALOUD TO 70U. .AFTER I HA\|E 
feEAD 'B0TH| STATEJMENTS DRAW A CIRCLE AROUND ^jCHE LET-DpR OF THE STATEMENT 
~ WHICH IS TRUE 'J f ' ; * : ' ' 

:'%. ,4. MEAT .Energy is 

- ' TEMPERATURE TO 

. ^ \ 

B. HEAT ENERGY IS 
TEMPERATURExTO 



TRANSFERRED ONLY FROM A 
A REGION OF HIGH TEMPEI 



;iON OF LOW 



?URE, 



TRANSFERRED ONLY PROM A REQION OF HIGH 
A REGION 'OF LOW TEMPERATUI 



4. 



WHEN TWO SAMPLES OF WATEjR ARE MIXEI 

A. THE HEAT ENERGY OF THE MIX IS TH^E SUM OF THE HEAT 
.ENERGIES OF THE TWO SAMPLES. ' 

B. THE TEMPERATURE OF THE MIX IS' t'H^; SUM OF THE TEMPERATURE- 
OF THE TWO SAMPLES. 



WHEN A SAMPLE OF A SOLUBLE SUBSTANCE 'iS PLACED IN CONTACT WITH 
WATER, ITS MQLECULES: . ^ ^ •. 

a'^ SPREAD OUT UNTIL THE'IR CONCENTRATION IS THE SAME 

THROUGHOUT ALL THE WATER, 'INCLUDING WHERE THEY WERE 
ORIGINALLY PLACED. » , ' . / 

B. SPREAD OUT INTO THE WATER AND CONCENTRATE IN REGIONS ' 
AWAY-.FR,OM WH^RE THE SAMPLE WAS FIRST PLACED. 



A. A SAMPLE OF PURPLE COLORED GAS WILL DIFFUSE THROUGH- THE 
AIR-- AND BECOME LIGHTER IN COLOR AS^IT DOES. 

B. A SAMPLE PURPLE COLORED GAS WILL DIFFUSE THROUGH THE*, 
AIR AND DARKEN AS IT DOES SO'.' 
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1. A TEA BAG rS PLACED IN A LARGE POT FILLED WITH WARM WATER • 
WHAT WILL BE OBSERVED IMMEDIATELY? • . - - * ' 

.A.*»ALL THE WATER IN THE POT WILL BECOME AN ORANGE COLOR 
THE COLOR OF THE TEA. 



■i < 



B. ONLY THE WATER AROUND THE TEA BAG WIE.L BECOME AN ORaAe 
COLOR. ' ~ ^ ■ . _ 

C. WATER IN DIFFERENT PARTS OF THE POT WILL BECOME AN. 
ORANGE COLOR. : ^ < 



AFTER A FEW MI{gUTES,"WE WOULD EXPECT THAT: 

A. ALL THE W^TER IN THE POT WILL BECOME THE SAME ORANGE 
COLOR. " . . , i ' 

B. ALL THE WATER WILIl BE ORANGE ^BUT- THE COLOI^ OF THE 
WATER NEAR THE SIX>ES OF THE POT WILL BE LESS. ' * 

C. THE ORANGE COLOR WILL BE OBSERVED 0NLY NEX^D TO THE i 
SIDES OF THE TEA POT. - 

3. BOB BROUpHT SOME VERY SWEE^f '^MEIiLING ROSES TO. ^JAN. SHE PUT 
THEM IN A ROOM AND THEN TOOK A^NAP. 'WHEN .SHE AtoENED, nSHE SHOULD 
EXPECT THAT: ' \ 

•. A. THE ODOR OF THE ROSES * WOULD BE OBSERVED JUST AROUND THE . 
FLOWERS. . • 

\ B . TH£ ODOR OF THE ROSES WOULd PROBABLY BE OBSERVED ' ' 



^THROliC^UT THJ ROOM. 



,C. THE ODOR OF TH]^ I^OSES ' WOULD BE OBSERVED ONLY NEAR THE 
WINDOWS 'AND DOOR." 
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SEQUENCE I: THESE PICTURES REPRESENf A BAG OF COLORED SOLUTION AND 
'SOME, CLEAR WATER. THE MOLECULES OF WATER AND OF DISSOLVED COLORED 
SUBSTANCE .C^ MOVE THROUGH ITS WALLS. -PLACE AN /I ON O^HE PICTTJRE 
VraiCH SHOWS WHAT MI.GHT.' BE FIRST IN THE SEQUENCE AND A Z ON THE 
PICTURE WHICH SHO W^W HAT WOULD BE HAPPENING LAST IN THE SEQUENCE. 





SEQUENCE II : THESE PICTURES ALSO REPRESENT A. S^TQUENCE- OF EVENTS 
WHEN A COLORED ^OLUTJON IS PLACED NEXT, TO WATER BUT SEPARATED B,Y 
WALLS OF A. CELLOPHANE BAG THROUGH WHICH MjL THE MOLECULES CAN MOVE, 
AGAIN PLAGE AN /I ON THE PICTURE WHICH SH6WS WHAT MIGHT BE- FIRST IN 
THE SEQUENCE AND A Z ON THE PICTURE WHICI? SHOWS WHAT WOtTLD BE 
HAPPENING LAST THE SEQUENCE." 






SEQUENCE III: CLEAR^^ WATER AND A-'tHICK S^RUP CONTAINING SUGAR MOLECULES 
•WERE PO.URED INTO Ttl^' SAME 'TEST TUBE . • THE )C' S In THE PICTURE REPRESENT 
THE SUGAR MOLECULES . . PLACil AN /I ON THE PICTURE WHICH REPRESENTS THE 
BEGINNING OF THE' SEQUENCE AN^A -Z ON, THAT PICTURE OF- THE SEQUENCE AFTER 
THE MIXTURE HAlb BEEN STANDING FOR A TIME. . * 





0 
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SEQUENCE IV-: THE FOLLOWING" GRAPHS REPRESENT A SERIES OF TEMPERATURE 
MEASUREMEN'r'S 'TAKEN. AT DIFFERENT POSITIONS ALONG A METAL SPOON THAT IS 
SITTING *IR A CUP FILLED WITH VERY HOT CHOCOLATE. FIVE TEMPERATURE^' 
MEASUREMENTS ARE MADE: #f WAS MADE M *A POSITION ON THE SPOON 
CLOSEST TO THE* HOT LIQUID. #5 WAS MADE ON THAT PART OF THE SPOON ' 
FARTHEST AWAY.^ A REqORD OP THE* TEMPERATURES WAS MADE ANp A GrAPH 
WAS CONSTRUCTEp TO SHOW 'HOW THE JEMPERATURES J^T THE DIFFERENT POSITIONS 
ALO^IG THE SPOO^ COMPARED" WITH EACH -QTHER. . 

•\ . ' ' ' . 

' ' r 





JPLACE AN X UNpER THE GRAPH WHICH BEST REPRESENTS TfiE .TEMPERATURES 
"YOU WOULD EXPPCT AT DIFFERENT POSfTleNS AL'ONG THE SPOON. ^ 

- '■ \ ■ ' ■ . . ' 




# 1^2 .;3 4 5 
' JPQSITlOli - 



2 3 4., 5 
POSITION ^- 



# 1. 2 3* 4 $ 

tOSITtOlL. 



•4 ' 
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b. If ALICE SHOULD DECIDE TO PICK UP THE SPQON, AT WHAT ' ^ 
POSITION SHdUfiD SHE PLACE HEIl^ FINGERS? 

• a: -at position #i • ' 

b. at position. #5 " . , 

c. . at position '#3 ' - , 



c. THE SPOON IS •TAKEN OUT OF THE HOT CHOCOLATE AND PLACED 

ON THE TABLE. AFTER ABOUT 20 MINUTES ^-ICE MEASURES THE 
TEMPERATURE AT. THE. SAME FIVE POSITIONS 'aLONG THE METAL ' 
SPOON. ON THE, CHART BELOW* PLACE "COTS TO SHOW WHAT A 
RECORD OF THE FIVE" DIFFERENT TEMPERATURiES ALONG THE SPOON 

' WOULD LOOK' LIKE. "tHE TEMPERATURE AT POSITION #3 IS ALREADY 

. ENTERED. ) 



/ . 





-|- 
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Miniselquence V 

Random Events: Order Out of Disorder ^ 




Screening Assessments 



^ 



The concepts developed iVi this sequence df Activities are 
follows : ^ ^ . i 

a. The outcome' of a random event cannot be predicted with* 
v" certainty. Examples of random events include movements 
s ~* of individual molecules, radioactive disiiflf^gr at ions , 
tosses of a coin, etc. 

The outcom^e of ^-- va r td ^ event is completely independent 



. of any priof^^>ls tory . 



„ ^„ _ andt>m ^events may exhibit a 

sense of order and predictability^ The lara^ tlje/rhim- , 
jDer^of random events in the collection/ tha^higher the' 



The outcome of a series of randt>m 



degree of order and^pre(iic tability . 



Games of chance which are based cfh random, events can be 
used to siilllate^ the orderliness of collections of random 
e.^ents. " - ^ . * 

A .small .sample of random events will Exhibit great vari-. 
ability as compared with a larger sized sample; order will 
emerge as the sample size increases. , • , 

The-mov^ment of individual mrolecules within a liquid \(or 
gas) is viewed/^as random. The orderliness of a diffusing 
column. can be thought of as, the net^^result of the random 
mo'tion of an extremely large numbei: of indivic^al mole- 
cules ... . • V 

A i .. 

The transmission ' of gendtic charact^eris\ics, can a^so be 
viewed 'as a result of random oi chance ievents*. 



80 



.86 V 



« r 



.MINISEQUENCE U^ASSESSMENIJS 



h. 



\ 

-ERIC 



^ As . in 
teris 
certa 
in a 



Concepts 
assessmen 
bridge , be 
Part 1. 
3 jor all " 
quence V 
each to a 



. all series 
tics ofr. one 
iftty; howev 
large- boll'e 
* «v 

a tha;;,ough f 
1 4 ^*Concept 
tween these 
If d'esired, 
paxtsr can b 
have been *c 
dminister ; 




of random 'events tn^inherited charac- 



*individuarl cannot be pJ 
er, 'the -distribution of *{ 
ction -can be predicted': 



cted witW^ anV - " 
h cha^ractretifi^t^d^cs 



are .♦beiixa^tested^ in- fpur par^^' of tliis. 



lag, 



g of Minis^uence •I'V/ . j^hx^Jh s^rveS. as.a 
twd Miniseqafenoe^;/ isf^ls.p t^estecL ,^^e^ .in* 
Pa-rt 1^ can be'' adminis-'teri^Qd' af te'i?^-A<5tivity ' 
e giv^h when_Tthe 'Activities o¥ Mihlse- ^ 
ompl'e'ted . \ P'ca;ts .1 ^ifd 2r jmay -ta 
" " —"^"'^te^' arid »P:^*ri^ 



Part' 3 , ■ l-O' mi-ni^tes' arid »P^*r 



1 5 • mtiiXn^ .e s 
2V'miri^tes . 



When you dis tribju te 
their names in £hls.^^ 
instructions to be 



PART 1 



-Pages A, B, C and' D 



the'pag^js to 1:he ch.ildren lrave_;t*hertl, .'place 
ppropriate placed.' As- usual ,^'sn'g^es^ted * ■ 
fead* to the cjlaiss appear in^ upper' case.. 



.V 




Page At' 

Distribute the a 
follows : 



Vse^ment -pages /ajid. direct t^^' chTldr eri ;"^a*i^ 



THE MA'tfERIAL • IN THI^ ASSESSMENT ^IMlALSt^^J.^E/TH- THE ACTIVITIES; WE:.- / 
UfiVE jyST COMPLETED". I. AM' jGblIjG'^0'''i)fiSOMBf: THREE SXTUATlOffS . | 
TO you'. each situation W^LL B.#-'EQIf^6wEfe Ei-THER^fBY SOME -QUES- 
TIONS.. OR STATirfeNTS-; THf} aUBSTIOSS ^TIO' BE! ANSWEREI> BY" ' " 

FILING IN THE -.BLANK SPAPES BY^ •^NDlCA.TlMG ^t^tiETlJER ;YOU AGREE 1 

• -OR^ISAGREE -WITH iCSTAT-EMEl^T^ ABOilT T&E SITUA'TSON A^ ^ I READ ' \ 
ALOUD TO YOU THE DESCRIPTION 0'FijEAC^"SIfP.CAT?ljl5N MiT)- THE ITEMS.;'. ^ 

. YOU" ARE TO COMPLETE"/ READ .SILENTL^r WITH' ME.. YOtj WitL BE'GIlTEJT 
•TIME TO COMPLETE —--•-•-'^ ^- --- i t- .- 

THE NEXT Qljk 

situations ai . .... ^—^^ 

children.- AllowTaljout SQc -s.eirond Eor 'TeaVlj ■ itetii td '^je •?:ompJ..^te^. ) 

- ■ . ' •! ; • ■. . •^ • / ..-i • f 

••'HERE IS .THE FIRST SITyA't'I0N--'0N.'PA(3E-^;- - . " " - C'. .-V 




*■ ■ ■ 



SnUATIOH I: • DARRELL- VISITED- ^.^SCI^cf"' CLASS '^ND OBSERVEJX. > 
THREE, TEST TUBES- TO WHICH 3LUE POODr', COLORING . HAD. BEEN ADDfiD. >^ 
THEY- LOOKED LIKE THE DIAGRAMS-. BEL0#^ ,. TH^DOTSt^HOtMJSESgJP^ 
BLUE FOOD COLORING WAS , SEEN. 

1 . ~ WHICH .TUBE 
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2. .'WHICH TUBE WAS THE ]kGHTE§T BLUE COLOR? 



HERE IS THE SECOND SITUATION. 



SITUATION II: JAN HAD A SMALL FIM BOWL SHAPED LIKE A BALL. 
SHE FILLED' IT' ALMOST TO THE TOP wPpH LIQUID GELATIN . BEFORE 
THE GELATIN IN THE ' BOWL SET,. JAN PLACED SOME RED FOOD COLORING 
AT THE BOTTOM OF ^HE BOWL. AFJ'ER THE GELATIN- HAD SET SHE PLACED 
SOME BLUE CCa,0RIN(5 ON TOP OF THE GELATIN, THE QOWL LOOKED LIKE 
THAT- SHOWN BELOW IN' f'.IGURE D. 



NOW TURN TO PAGE B BUT KEEP PAGE . A IN ^fRONT OF YOU . YOU VIIlW 
NEED FIGURE,S- D AND F FOR' SOME QUESTIONS ABOUT SITUATION I'l , ' 



Page B • ■* 

Of 

IN FIGURE -D} . * • 

O REPRESENTS WHERE RED IS SEEN. ' - • 

• REPRESENTS WHERE BLUE I? SEEN. 

. • ''Z % . J, ^ I ■ * 

1. IN FIGURE E, SKETCH WHAT THE BOWL 'WOULD LOOK LIKE* AFTER ' 
SEVERAL WEEKS. , REMEMBER THA*:* STANDS^, FOR BliUE AND O STANDS 
FOR RED. '', • ' . f 

2. WHAT WOULD BE THE .COLOR NEAR. THE TOP? . 

• ■ ' - ■ ^ ■ ' ■ *■ ' 

* ' ■ ' * i ** . • . • ♦ 

3. WHAT WOULD BE THE COLOR NEAR THE MIDDI^E? , . . _ ■ . 



cememV " 



JN .FRONT OF EACH' OF THE F/DLLOWING^ STATjlME^TS'^AqOUT THE MOHECULES 
OF FOOD COLORING IN THE ^-I^ BOWL. CIRCLE 'THE 1 FOR' V^S ' IF YOU 
AGREE; CIRCLE THE FOR NO, IF XOU DO 'NOT "ACSlEE i . 

Y. . N ■ 4.-. ALL THE MOLECULES OF^'^HE R^D COLORING MOVED TO THE' 
d?OP, AND THEN SOME SANK DOWN DUE',^0 GRAVITY. , ' 

/* • ■ ' . 

• . , - v. .' , ■ . . * 

N ' 5. ONLY.TIIe MOLECUXiES of the RED food COLORINp IN THE 
,TOP lAYER MO\)^ED UP; 'THE OTHERSjDIDN ' T M0\ 

N a6. all MOtLECULES OF BOTH FOOD COLORS -J^OVED IN AI 
DlllEC^ONS. 

H 7. TH^Sjp WHICH HIT THE BQWL.^eItHER STOPPED OR MOVED- 
^ • BACK INTO THE GELATIN AGAiN . ' • - ' 
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N 



N 



8. 



9. 



. THE DIFFERENCE IN SHADES" OF COLOR SHOW MOLECULES 
MOVED FROM LOW j::ONCENTRATION TO HIGH CONCENTRATION 
REGIONS. • 



ALTHOUGH MOLECULES ^MOVED RANDOMLY IN ALL DIRECTIONS, / 
TfiE OVERALL RESULT IS RREDIcTtaBLE, . ' \^ 



Page C ' ^ ^ „ ^ * * 

Have the children turn to page C. 

SITUATION III: SIX- CIHLDREN (DAVII), GENE/;' -PETER, JANE, PAULINE 
AND HENRY) DECIDED TO HAVE A CONTEST TO SEE WHICH ONE COULD <^ET 
TO A SPACE MARKED GOAL, FIRST, AS SHOWN^^N FIGURE F. THE RULE 
OF THE GAME IS THAT THE RESULT OF SPINNING TRE POINTER OF A ' 
SPINNER, AS SHOWN IN FIGURE G, DECIDES EACH, -MOVf: . ANOTHER RULE 
OF THE GAME IS THAT MOi^ES CAN ONLY 'BE MADE FROM - ONE SMALL CIRCLE 
TO ANOTHER ON THE GRID/ ylF A, PLAYER CANNOT MAKt' THE MOVE SHOWN, 
(^ECAUSE^ THE MOVE WOULD T^AKE HIM OFE \THE GRID) HE LOSES HIS" 
yORN, mo STAYS WHERE HE IS 'UNTIL HIS^EXT TURN. 



f ! 



J FIGURE F,0^.f 

THE 'GAME GRID 
17' 'GOAL 



• ^ (j> ^; : 

( P ; c). : () -! c) 'i. (i> — 



( ) C) . C) ' () ^ x >— 




^ I H^NR^f 



PETER 
(SSART) . 



v to- 



-A 
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FIGURfeG 
THE SPiENNER 
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DAVID'S FIRST TWO MOVES WERE L'Anti F„ (LEFT AND FORWARD).' ' 
GENE'S FIRST TWO MOyES WERE BOTH F'Si PETER MOVED F^ND / 
(i?IGHT).' ^ANE, PAULINE AND HENRY ALSO TOOK THElk. TURN§ 
B ON THE SPINNER WOULD MOVE SOIJIEONE BACKWARDS. - ' . ' 

1. PLACE A AND P ON THE GAME*«RID TO SHOW WHERE DAVl^ , 

•GfiNE,AND PETER.-ARE AFTER TMeIR SECOND* TURNS . 



FtDR EACH OF THE 'FO-LLOWING STATEMENTS: CIRCLE THE J IF YOU i^QREE 
WITH THE STATEMENT, CIRCLE THE;^ IF YOU DO NOT AGREE; CIRCLE 
THE C IF YOU CAN'T TELL. 

Y„ N, C '2. AT THE BEGINNING, PETER AND PAULJNE HA^E A 

BETTER CHANCE 'BECAUSE THEIR PATH" IS STRAIGHT ' 
TO THE GOAL. 

» ' ^ ■ • J . 

Y, J N, C 3. ALTHOUGH HE'S HAD 2 F'S' IN A ROW,/ GENE HAS 

THE SAME CHANCE OF. GETTING AN'-P" ^S PETER DoIe^ 
ON THE THXRD'SPIN. * . ■ ' ' - 

■ TURN TO PAGE D. - " '-i i 

Yi N, C 4; THE CHANGE (PROBABILITY) OF LOSING A TUJIN AT 
I .^^yHE -BEGINNING IS GREATER FOli ^AVID THAN IT IS 



FOR GENE. / • • • • i 



Y, N,. C:^.5. THE CHANCE (PROBABILITY) 01* LOSiNG A TURN AT/ 
, . ' * , THE- BEGINNING IS 'GREATER FOR- PETER THAN FOR 

.„ :GENE. ; • . •" ' t • -,. V ' ' i 

^, N, . C 6. THE CHANCE (PROBABILITy)\oF> LOSING A TURN CjNJ 
, . " . ^ "THE THIRD TURN IS, GREATER FOR PETER THAN FOR" 

. . . ^AviD. . ^ ' X. ' /■ . ^ 

Y; N, 'C 7. , AFTER THE SIX CHILDREN^ HAD l^ACH TAK^N -FIVE" ^ 
■ TURNS, - GENE WAS CLOSEST TO THE GOAL. ' v , 

Y|' N, e . 8. THE Mb^E TURNS THE QHILDREN ,TAKEy THE MORE ■ ^- 
LU^ELY IT I^ THAT THEY ' WILL i BE EVENSy SPACED| 



OUT ON THE GRID.- 



Y., N, C • 9." THIS GAMS; IS AN EXAMPLE OF THE SAME KIND' OF . 
f ' MOVEMENT WE BELIEVE. MOtECULfiS MAKE. - V 
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Pages F and G. 



Page IB ^ 



r 



V 



Handout pages F and 9 to the children, * 

NOW ? 'aM going to describe^ another si-tuation.to you. as usual 

THII^K ABOUT it' CA|lEFULnY. ' AFT£R I DESCRIBE. IT TO-YOU, AND YOU 
REA^ ABOUT IT SILENTLY WITH ME, YOU WILE HAVE TIME TO DEr<^:iDE 
WHE-^IER YOU AGREE Orf^NOT WtTH STATEMENTS AB^UT THIS SITUATION 
WHiqi I "SHALL READ fb.YOU. (Al low 'about 30' seconds 'f6r the' 
chilidren^ to decide about ^ach statement.) 



IN li MXtHEMATICS .class morris AND RITA "WEaiE 
PLA'^^NG A NtiMBER-SUMS GAME . . THBY USED' A 
i^-SlDED BLOCK FOR THE GAME AS' SHOWN TO THE 
RIGI^T. EACH FACE. IS IN' THE SHAPE OF A 
T'RI^illGLE. THE SIDES OF EACH TRIANGLE ARE " ' 
ALL.IeQUAL and all four TRI3WGLES ARE THE - 
SAM^'-SIZE..- , EACH FACE' OF THE BLOCK, IS " 
LABEaiLED WITH A ^DIFFERENT NUMBER. "THE" 
SIDES. WITH 'the 3 AND 4, ARE ftlDPEN FROM 
VIEW. THE ARROWS POINT TO THEM. (HAVE:' 
'YpU spY- QUESTIONS .AB,OUT THIS CmjECT?t 
MORI^'S AND RITA /^OK TURNS "THROWrtlG THE ' 
' BiO(k', ' EACH- PLAtER MADE TWO THRCJWS^F XHE 
, BLOdst ANDKEP?" A. RECORD OF THE 'NUMBER 
ON 'BHE FACE ON 'v#IICH THE BLOCK LANDED. \ f 
AFTEJIR, THE TWa THJROWS 'EACH PI^YER jADDED UP 
, HIS |S'CORE~THAT^IS, ADDED UP THe( NUMBERS^ 
ON THE FACES ON WI^ICH. THfe^ BLOCK. ESTIDED.f 
ALL|POSSIBLE SUMS FOR TWO^THRO^JS ARE^^S^ 



INrTHE GRlfy. 
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•5 y*ON"HI$ PIi?ST 'WRN J MORRIS toS THE PAIR (3,1^"' FQR WHICH THE 
f /SOfi^AS JfOtj C;^Vp ,^0M THE grid', ¥S 4^. • ' ' 
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NOW, READ EACH OF THE FOLLOWING STATEMENTS. ^ IF Y6U AGREE WITH 
THE STATEMENT, CIRCLE THE I FOR ^ES; .IF YOU DO NOT AGREE^ 
CIRCLE THE N FOR NO; IF, YOU CAN'T TELL, CIRCLE THE C. REMEMBER 
THAT THERE ARE TWO THROWS FOR- EACH TURN . ' ' . 

. A- ' 

RITA HAS A BETTER THAN EVENi CHANCE OF WINNING 
ON' HER TURN.- 

i ' '. ' ^ 

THE CHANCE OF RITA GETTING A' 4 IS- LESS BECAUSE 

MORRIS ALREADY GOT A 4. • 
C; 3. RITA SHOULD EXPECT A 5 MORE THAN ANY OTIjffiR SUM. 




t 



4. IF RITA WINS THIS -TURN-, MORRIS SHOULD -t-Zin TH£ 
NEXT ONEs.' 

* » Y ' \ 

Y, N, -C '5. THE SUMS OF TWp 'BHROWS ^RANGE FROM 2 THROUGH 8,. 

A TOTAL OF 'SIX SEPARATE VALUES.- -ii^-SE-RIES- ,- 
OF SIX TURNS, EAC\ VALUE WOULD HAVE TO'" OCCUR 
, AT -iEAST ONCE . 




MORRIS SHOULD EXP'ECT TO GET' A SUM , GREATER THAN 



•4 ON HIS^ NEXT. TURN . ^ 



MORRIS SHOULD EXPECT TO GET A SUM LESS THAN 6L - 
ON HIS NEXT fPURN. ■ ' . '- * ' ' 

MORRIS AND RITA PLAYED' FOR A LONG-TIME AND KEPT" TALLIES "OF * ..^ 
THE SUMS THEY. GOT "AND WHO WON ON. EACTO TUFSJ.' , . _ * ^ . 

Y, N, C. B.^ .IN A LONG .SERIES OF^ TURNS ,, MORRIS AND RITA " *' " • 

SHOULD vEACH WIN ABOUT' AN EQUA^ NUMBER OF TURNS . ' . . 

Y, N, - t 9. IN A LONG Ser'iES OF. TURNS TH^IRE SHOULD BE 
, ' ABOUT TWICE AS MANY 5's AS THERE lARE'7's. 

"Y, N'^-^ C. -10., AS A, <3E^EiRAIi !f ULE ^ THE MORE TURNS THERE, ARE, ' 

THE GREATEli. IS THE'^ANCE OF GETTING' AN '"EXTREME , " 



■VALUE, SUCH AS A 2 ' OR. AN • 8.. ) 



The children wi^-l/now have^o look at the tallies an^' histograms 
onlpage G, a's ^th^ mark their choices for statements ,0.1 / 12 -and * 
13 A TURN'' TO PAGE- G fiUT- KEEP PAGE F IN FRONT : QF VQU ALTSoV* ^ 
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_C 11. AFTER. 10 TURNS, THE -TALLY OF SUMS FOR MORRIS'' 

DATA, AND THE HISTOGRAM OF TH^^SUMS, LOOKED 

=r^==iIKE^, THE FIGURE MARKED M. ftTTA'S TALLY OF HER 

DATA AND ITS HISTOGRAM IS MORE LIKfiLY TO LOOK 
^ LIKE- THAT MARKED A THAN -THE ONE MARKED B'. 

N, _C - 1-2— -AFTER 100 TURNS, BOTH TAI<LIES, ANJ)' HI'STOGRAMS 

V -■ OF THE DAOIA, ■ OBTAINED BY MORRIS AND RITA SHOULD 
BE ALMOST IDENTICAL. , ' ' . 



N, 




13., IF MORRIS AND, RITA- STARTED "NEW TALLIES AFTER 
COMPLETING THEIR 100th TURN; AND MORRIS' DATA 
FOR HIS NEXT TEN TURN'S PRODUCED. A TALLY LIKE 
THAT IN FIGURE M. RITA'S TALLY i'OR HER 101st 
' TO 110th TURNS WOULD LOOK MORE LIKE, >1 THAN B. 
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Pag€^SJI,- I and J. f 

Be sure the chiraren have pages H, I and J for this part of the 
assessment.. m . , ^-^ 

I, AM GOING TO DESCRIBE ANOTHER SITUATION NOW. ' AFTER I DESCRTRF 
IT- THERE WILL BE; SOME STAI'eMENTS TCf ^BE COMPLETED OR QUESTIONS 
TO BE ANSWERED. THIS TIMK EACH STATEMENT OR QUESTION IS 
FOLLOWED BY THREE POSSIBLE ANSWERS OR COMPLETIONS. AS I READ 
THEM TO 70Cf,':SELEC'fs THE'ONE WHICH ANSWERS OR COMPLETES /THE ' 
_ STATEMENl^ BEST AND DRAW. A CIRCLE;/ AROUND ITS. LBTTER.- (Mlow the 
"children about 40 (seconds to complete each item) ' " 

> * • ' • - 

■ » - . . ^ J 

ONE CLOUDY SUMMER- DAYr-JAIJ^^OTS AND PHIL WER^TPLAYING IN "AN ^~ 
OPEN FIELD m THE RARK.- IT STARTED TO^RaIn. AT TIRST PHlL 
FELT A^W SPltlNKLES . THEN LOIS SAW A RA]?NDR0P LAND ON A LEAF . 
LATER, A-RTER THE CHILDREN HAD FOUND SAFE SHELTER, THE RAIN 
• SHOWER TURNED INT© A VIOLENT THUNDERSTORM. LASTING ABOUT ONE 
HOUR. - , • , 

THE FOLLOWING ARE STATEMENTS ABOUT HQW THE RAINDflOPS FELL. YOU 
WILL FIND IT HELPFUL TO RECALL WHAT YOU LEARNED ABOUT THE 
GEIGER COiJNTER'S RECORD OF EVENTS .' COMPLETE" EACH STATEMENT ^ 
-«Y CIRCLING THE LET^PER OF YOUR CHOICE i 

* ^ .. • ." • • • . - 

1. THE FIRST DROPS FELL ON PHIL: - " ( 

A-. ^BECAUSE HE WAS ^ARGER THAN THE GIRLS . " ■ ' . " 

' B. .BY CHANCE. <r ' *' " 
. -• C. - POR SOME OTHER REASON. «-,..- 

i ^ ^ i 

2. .'JAN THOUGHT OF THE FIELD^VaS DIV^QED INTO SOUARES, ONE- 
METER ON EACH .SIDE. THE ,RaH ^T :Wm:R THE RAINDROPS INTO 
;A certain ^SQUARE WOULD BE: - V , ' 

A. THE SAME AS FOR ALL THE* OTHER SQUARES. 

^ • ■ ' .■ ' ' ' . ' ' ' 

B .■ GREATER f OR THOSE SQUM^S IN THE WESTERN PART OF THE 
PARK THAN FOR THOSE ' IN (THE EASTERN. , \ 

i . ■ ■ 

_ C. DIEFERfiNT THAN MOST- OF, THE OTHER SQUARES. 

. • • • ' — . . ' 
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3. TO GET A GOOD MEASURE OF THE AVERAGE OF HOW MUCH RAIN 

WOULD FALL 15J " 

BE PLACED; <^ 



FIELD DEVICE CALLED A RAIN GAUGE SHOULD' 



A, UNDEft A DRAIN FROM THE ROOF OF THE" SHELTER HOUSE. 

V ■ - 

R. IN tHE CENTER OF THE OPEN" FIELD • ^ ' 

* 

C* IN THAT StJU^RE WHICH HAD TH^. AVERAGE AMOUNT OF 
^ * RAINFALL IJNj -THE LAST. STORM. ^ 

" ' i ^ ' ' 

4; LOIS WANTED TO|kNOW HOW MUCH RAIN^-FELL IN EACH SQUARE FOR 
EACH MINUTE. • SHE" HAD FOUND .OUT HOW TO DO THIS . FROM THE 
NATIONAL WEAXHER SERVICE, i¥ND SO SHE MADE THE MEASUREMENTS 
;DURING TH|rS .STORM. .WHEN SHE ANALYZfilt-THE' RESULTS OF THE 
•MEASUREMENTS SHE FOUND THAT IN THE FIRST 15 MINUTES OF THE 
STORM7 WHICH WAS VERY> BLUSTERY. AND VIOLENf BEFORE IT MOVED TO 
ANOTHER AREA, THE AMOUNT OF RAIN FALLING PER- MINUTE WAS: 

^ -> ' 

A. ' ALL /eRY SMALL IN EVERY SQUARE. 

B. BOTH SMALL* AND flARGE IN MOST OF THE SQUARES, 
y a. VERY ♦ LARGE JElf ALL THE -SQUARES. 

i a, • .. 

TUR^ TO PAGE I. 'j ' " , '* ' , 

Page .1 , . 



5 . THf AMOUNT OF " SAIN i-ALLING PER MINUTE MEASURED ON ONE 
JRAW GPfGE IN THE dPEN/#[ELD FOR THE /ENTIRE DURATION OF THE 
STORM (ONE HO&l^^^j!(S: ' I' ' 



A. INCREASING iREGULARLY AND 'THEli DECREASING regularly'. 

. B. GENERALLY LARGER DURING THE MIDDLE OF THE STORM BUT, 

• EVEN THEN, JN. SOME MINUTES VERY SMALL AMOUNTS ' WERiS 
r • RECORDED . ''i - ' ^ 

> C . 5N /EXACTLY 'THE SAME PATTERN AS WOULD HAVE BEEN , . 

MEASURED AND RECORDED IN ANY OTHER PART OF THE FJCELD^ 

— • i f ' . 

6./- IF. TEN RAINf GAUGES VffiRE PUT IN WIDELY SEPARATED OPEN 
AREAS In .the FIELD 'DURHJG THE RAIN STORM, T-THICH OF THE 
'FOLLOWING STATEMEKLTJ? ,WOULD B£ • TRUE ABOUT THE AMOUiJTS OF 
■ RAIIJF ALL .RECORDER? \ . ' - . ^ \ 

^ « V ; / . • ' . - • 

'CIRCLE THEi r -FOR JES;; CIRCLE THE FOR No'.'- " . 

' ■ ' ! . ' • "89. 
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N A. EACH, AREA WILL RECORD THE SAME J-QTAL AMOUNT EOR 
THE 60 MINUTE (ONE-HOUR) PERIOD OF THE' STORM.- 

• ■ ' • ■ .4^. ^ . - - 

N 'b. the patterns 0^" HEA^ AND LIGHT -RAINFALL WOULD BE ^ 
IDENTICAL AT EACH GAUGE; - ' " ' 

THE DIFFERENCES, OR VARIATIONS" (VARIABILITY), 
.AMOUNTS*" OF RAINFALI/ PER MINUTE .AT* A PARTICULAR ^ 

.GAUGE "Would bb^ 'greater than- the -differences between' 

> the AVERABE A^«5UNTS RECOR&ED FOR EACH MINUTE BY 
*ALL THE' GAUGES!.' ' • * - ■• '. 

' TimN To PAGE C['3UT KEEP/IN MIND QUESTION- 6 WHICH YOU HAVE JU^T 
--.AlitSWERED . '■ ■ i " ' Ji 

Page J " ' " " .... ' = * w f' - " 



4 



"7. BAR GRAPHS WER^ MADE TO SHOW. THE' AMOUNTS' OF RAINFALL 
MESSMeD by each- of the ten RAINf gauges REjFBRRED TO^ IN QUESTION 
6 ABOVE. DATA WERE TAKEN EVERY 5 MINUTES. 'A'^AR GRAPH'WAS ! 
ALSO MADE OF . THE AVERAGE AMOUNT OF RAI^IF ALL ' REGISTERED BY (THE 
TEN RAIN GAUGES DURING THE SO-MINOtE PERIpD OF THE STORM. 
•THE SOLID^LINE-* GRAPHS -IN feOTH F-IGUREg H AND I BELOW SHOW THE 
AMOUNT OF RA«NFALL AVERAGED FROM AJiL TEN .GAUGED. EACfi HAS'a ' 
DOTTED \ LINE GRAPH DRieWN UPON I^ SHOW AMOUNTS OF, RAIN^^ALL 
THAT MAY HAVE BEEN MEASURED B^- ONLY A. SINGLE GAUGE : WH JCH ' 
ONE OF THE. SETS OF GRAPHS^ 'J[f iqURE H OR' I?) MOST^LIKELY, . 
•REPRESENTS WHAT* WAS AGTUJ^LY MEASURED BY A GAUGE .IN THE '^ELD? 

WRITE YOUR ANSWER ON TF-IS,''LINE'-. ' ' ' ^ " 

. ' "• ' ' " ' • ^ ■;. - .' 

WHY DID YOU jlEliEGT THAT feuRE?. ^ ' ' ... . ' 



I 



PART 4 



Pages K and L. 



9 



'Distribute^pages ,K and I^;to' the children.* 



» 



THE "following SjfpS OF "-PICTURES HAVE .\T0 DO 'WITH SEQUENCES OF 
.CERTAIN EVENTS WHICH- I SKSl DESCRIBE 'TO YOU. THE PICTURES 
REPRESENT PARTS OF A SEQUENCE SHQWING WHAT WAS HAPPENING AT 
DIFFEREtiT T-IMES*-.'. '- LOOK A'li EACH SITUATION AND MARK .THEM AC(?ORD- . 
^ ING' TO.^THE INSTRUCTIONS 11 SHALL GrVE.YOU. ' h I" 

' . ■ ' i> 



LOOK PA/SE K.. 



90\ 
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SEQUENCE I: HERE IS* A PICTURE OF HOW SOME BLACK AND WHITE 
MARBLES WERE ARRANGED IN A DISH. 




THE DISH WAS THEN PLACED ON A TABLE WHICH WAS SHAKIlic. AS A 
RESULT OF THE SHAI^ING OF THE TABLE THE MARBLES MOVED AROUND IN 
THE^ISH. I>LACE A Z ON THAT PICTURE WHICH SHOWS IfHE ARRANGE- 
MENT OF THE MARBLES AFTER. THEY HAD BEEN SHAKING FOR A CONSIDER- 
ABLE LENGTH OF TIME; PLACE AN.« ON THAT PICTURE WHICH SHOWS 'THE- 
MOST LIKELY ARRANGEMENT AFTER* ABOUT HALF THE LENGTH OF TIME OP 
SHAKING. KEEP IN MIND THE INITIAL ARRANGEMENT 0^ MARBLES BE- 
FORE SHIAKING. ' / 





'J' 




NOW TURN TO PAGE L. 
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^ MINISEQUENCE' V- ASSESSMENTS 



Si 



P.age L • : . 

flERE IS THE SECOND SEQUENCE. 



SEQUENCE II: THE DOTS IN THESE PICTUR'ES REPRESENT SOME BLUE 
VITRIOL MOLECULES. THE CLEAR PORTION REPRESENTS W^TER. ^THIS 
SYSTEM IS ALLOWED TO STAND FOR SEVERAL D^YS . MARK THAT PICTURE 
WHICH SHOWS. THE SITUATION EARLY IN THE SEQUENCE WJTH AN A AND 
MARK A 2 ON THE 'PICTURE WHICH SHOWS THE SITUATION AFTER A LONG 
PERIOD OF TIME. - . ' ' . 

^ ^ > 







•J 
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Situ ATI OH I: DARRELL VISITED A SCIENCE CLASS AND OpSERVED THREE TEST 
TUBES TO WHICH BLUE FOOD COLORING 'HAD BEEN ADDED,. , THEY fiOOKED LIKE THE 
DIAGRAMS BELOV?. tTHE DOTS SHOW WHERE THE BLUE'FOOD COLORING WAS SEEN, . 



TUBE A 



TUBE B 




iV WHICH TUBE PROBABLY HAD BEEN STANDING THE LONGEST TIMEy 
2." -WHICH TUBE WAS THE LIGHTEST BLUE COLOR? ^ 



^SITUATION II: JAN HAD A' SMALL FISH' BOWL SHAPED LIRE a/baLl. SHE 
' FILLED IT ALMOST TO THE .TOP WITH LIQUID GELATIN. BEFORE THE GELATIN 
jlN^THE SoWL SET, JAN PLACED S6ME RED FOOD COLORING A^ T^IE BOTTOM 0F = 
'the BOWL.' AFTER THE GELATIN HAD SET .SH.E PLA(?ED SOME/BLUE COLORING ON 
TOP OF 'THE GELATIN. THE BOWL LOOKED LIKE jTP^T SHOWy BELOW IN FIGURE D, 




- O • , 
FIGURE*^ eF 




FIGURE -E 
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IN FIGURE Z): , 
Q REPRESENTS WHERE RED IS SEEN. 
•• REPRESENTS WHE?RE BJ.UE/ IS SEEN. 



1. IN^PIGURE.E, SKETCH "what THE BOWL. WOULD LOOK LIKE AFTER SEVERAL 
WEEKS* REMEMBER THAT • STANDS FOR BLUE AND O STA^JDS FOR RED., J, 



2. WHAT WOULD BE THE COLOR NEAR THE TOP? 



3.. WHAT WOULD BE THE .c6]|>0R NEAR THE MIDDLE? "_ 




IN FRONT OF BACH OF THE FOLLOWING 'STATEMENTS A-feOUT THE MOI^CULES OF 
FOOD COLORING IN fIsH BOWL, CIJICLE. THE Y. FOR YES IF YOU AGREE;. 

CIRCLE THE N, FOR NO, IF YOU DO NOT AGREE. 



N . 4 ALL THE ^^OLECULES" OF fHE RED FOOD COLORING MOVED TO THE 
TOP, AND THEN SOME SANK DOWN DUE TO GRAVITY. 



N 5 . ONLY THE . MOLEgULEiSf OF "THE , RED FOOD COLORING IN THE TOP 
' LAYER MOVED UP; THE OTHERS DIDN'T M(6VE . ■ ' 



■ 1 



'N 6. •*A'L:^ MOLECULES OF BOTH FOOD .COLORS MOVED IN ALL DIRECTIONS 



7. THOSE WHipH HIT THE BOWL EITHER STpPPED OR MOVED BACK 
^ . INyO THE GELATIN AGAIN. ' 




n/ 8.. .TI^E- DIFFERENCE" IN SHADES OF COLOR SHOW MOLECULES MOVED « 
i . "PkOM LOW CONCENTRATION TO HIGH CONCENTRATION .REGI^ «• ' 

J^LTHOUGk M"OLECU];^S MOVED RANDOMLY IN ALL DIRECTIONS, 



N, 9. 



THE' OVERALL RESULT IS PREDICTABLE. 
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SITUATION III: SIX CHILDREN (DAVID, GENE, PETER, JANE, PAULINE AND 
HENRY) DECIDED TO HAVE A CONTEST T,0 SEE WHICH ONE COULD GET TO A SPACE, 
MARKED GOAL, FIRST, AS SHOWN, IN FIGURE F. THE RULE OF THE GAME IS ^ 
THAT THE RESULT OF 'SPINNIliG TI^E POINTER OF A SPINNER, AS SH0T«7N IN 
FIGURE G, DECIDES EACH MOVE. ANOTHER RULE OF THE GAME IS THAT MOVES CAN 
ONLY BE MADE FROM ONE SMALL CIRCLE TO, ANOTHER ON THE GRID. IF A PLAYER. 
!AN NOT MAKE ^HE MOVE SHOWN', (BECAUSB THE MOVE WOULD TAKE HIM OFF THE 
iRID) HE LOSES HIS TURN, AND .STAYS WHERE HE IS UNTIL HIS NEXT TURN. 

FIGURE -F GOAL ' ' JFIGURE G " i 



©- — O ■ ()' G Q) 



© — 



GENE-*^ 

JANE 
(START) 



© 6^ e) 



-6 



0 
t 



DAVID V 
HENRY ^ 
CSTART) 



/ L 


F \ 


V ^ 





THE GAME 
GRID 



PETER X 
PAULINE (STZ 



THE SPINNER 



'ART) 

DAVID'S FIRST TWO MOVES WERE L AND F, (LEFT AND FORWARD). GENE'S FIRST 
TWn MOVES WERE BOTH F'S.' PETER MOV^D F AND R (RIGHT). JANE, PAULINE 
-HENR? ALSO ?00K THE^R TURNS. A B ON T^iE SPINNER WOU;.D MOVE SOME- ■ 
'^NE BACKWAR0S. 

1. PLACE A D, G- AND P ON THE GAME GRID TO SHOW WHERE DAVID", GENE 
AND PETER ARe' AFTER THEIR SECOND TURNS. 

FOR EACH OF THE FOLLOWING STATEMENTS : CIRCLE THE Y IF YOU AGREE WITH 
THE STATEMENT; CIRCLE THE N ir^OU SO NOT AGREE; CIRCLE THE C IF YOU 
CAN'T TELL. ■ . ^ 

Y N " C 2. *AT THE BEGINNING, PETER AND PAULINE HAVE A BETTER 

CHANCE BECAUSE THEIR PATH IS STRAIGHT TO THE GOAL. \ 



Y, N, 'C. 3. 



ALTHOUGH HE'S HAD 2 F'S IN A ROW, GENE 'HAS* THE SAME " 
CHANCE OF GETTING AN F AS PETER DOES ON- THE^ THIRD /SPIN. 
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Y, N,- C 



Y, N, C' 



Y, N, C 



■ i 

Y, N, C . 



4. ^THE CHANCE (PROBABILITY) OF LOSIN</ Aj TURN , AT T^IE 

•BEGINNING GREATER FOR "dAVID THAN IT* IS FOR GENE. ' 

5. TliE CHANCE (PR0BABILITY) OF LOSING A TURN,. AT THE 
BEGINNING IS GREATER FOR PETER THAN. .PORj GENE . 

• • . * 

6. THE OHANCE (PROBABILITY) 'OF LOSING A TURN ON' THE THlRD 
TURN IS GREATER FOR PETER THAN FOR DAVID. 

7. AFTER THE SIX CHILDREN HAD 'EACH TAKEN FIVE TU^INS, GENE 
^ WAS CLOSEST TO THE GOAl. ' ./ / 



8. THE MORE TURNS THE CHILDREN* TAKE, THE^ MORE LIKELY IT ' 
IS THAT^HEY Wllili BE EVENLY SPACED OUT ON THE GRID. 

■ / . . • ■ * 

9. THIS GiVME IS AN EXAMPLE OF THE SA>1E KIND .OF MOVEMENT' 
WE BEL3;EVE molecules MAKE.. 
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I ' ■ ^ — ^ ^ . ^ , "~ — ' — ^ ' ~ 

IN 'A .M^^THEMA-TICS -CLASS MORRIS AND RITA WERE PLAYING A 
NUMBERr-SUMS GMIE . , THEY \jSED A' 4-SIDED BLOCK""FO_R THE 
, GAME* AS SHOWN .'TO THE' RIGHT. EACH FACE IS IN THE 
SHAPE. Of -A TRIANGLE.- THE SIDES OF EACH TRIANGLE ARE 
ALL 'BQUAIi -AND ALL. FOUR TRIANGLES ARE THE- SfiME SIZE. 
EACH .FACE OF ..THE^LOCK* IS LABELLED WITH A DIFFERENT 
NUMBfR. T^E- SIDES.-WITH fHE 3. AND 4 ' ARE HIDDEN'FROM 
VIEwY 'THEf* ARROWS POINT TO THEMs,- (HAVE YOU ANY • , . 
QUESTldNS' A^UT THIS OBJECT?) MORRIS AND RITA TOOK 
TURNS THROWI-NG ^HE BLOCK. .BACH PLAYER MADE TWO THRQWS 
OF. THE block; AND KEPT A RECORD OF THE l5UMBER ON THE 
FACE ON WHICH 'THE BLOCK LANDED. AFTER THE" TWCy* THROWS 
EACH P^jAVeR i^DDED UP HI'S SCORE— THAT IS, ADDED UP." 
THE .'NUMBERS ON THE FACES ON WHICH ,THE BLOCK LANDED. 
ALL POSSIBLE SUMS FOR, TWO THJIOWS ARE LISTED IN THE GRID. 

4 

- ^„ • ^ THROW #1 

' 1^ 2 34 




^'3 

a- ^ 

, 4 



i ■ 



2 3 4 5 

3 4 *5 6 

'4 5- 6 7' 

5 6 7' *8 



■'^ . SUMS I . . 

~ ■ A » 

OlII -HIS FIRST TURN, "MORRIS GETS THE^PAIR (3,1) FOR WHICH'-THE SUM, AS ' "(^ 
YOU CAN*' SEE. FROM THE GRID, IS 4. ' , . 

.. - • ' * - 

NOW, -READ EACH OF THE FOLLOWING STATEMENTS. IF YOU A^SR^jg/^ITH THE 
•STATEMENT, CIRCLE THE Y FOR YES; IF YOU DO ^OT AGREE, CIRCLE THE N FOR 
NDj.IF YOU CAN'T TELL CIRCLE THE C REMEMBER THAT THERE ARE TWO THROWS 
■for' EACH TURN. 



Y,, C 

Y,' N,, C 



Y,. N, C 
Y, N,' irC. 
Y, N, C 



RITA HAS A BET^TER THAN EVEN CHANCE OF WINNING ON HER 
TURN., • . . " . ■ 

THE CHANCE OF RITA GETTING A 4 IS LESS BECAUSE. M^|j[lS 
ALREADY GO A 4 . ' • ' ■ '.' ^ ^ 



RITA SHOULD EXPECT- A 5 MOr/ THAN ANY OTHER SUM. 



\ V 



4. IF Rita wins this' turn, morris should win the next qne. 

5. THE SUMS. OF TWO THROWS RANGE* FROM 2 THROUGH 8,^ A TOTA^i v 

^ OF SIX SEPARATE VALUES. IN A .SERIES OF SIX- TURNS, EACX'i 
VALUE WOULD HAVE 'tO OCCUR AT ^LEAST ONCE. '■ 



ICS 
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C- 6. . MORRIS '.SHOULD. EXPECT TO GET A SUM GREATER"^ TJ!^ AN 4 ON HIS". 
NEXT TURN . . ' ■ - ' V 

» • • . 

• • * N • . , 

Y, N, C 7. *H0RRIS' SHQULD EXPECT TO GET A SUM LESS THAN 'S" ON HIS 
■ J NEXT TURN. . ; , . • , 

/ * 

MORRIS AND RITA PLAYED EOR A- LONG TIME -AND KEPT TALLIES OF THE .SUMS 
THEY goo; ANt) WHO WON ON EACH TURM . * . ^ , x . ' . - ' 

' ( . ' . ^ • ' 

Y,..,N; C 8. IN A LONG SERIES OF " TURNS , MORRIS AND RITA- SHOULD EA.CH 
• ■ WIN ABOUT AN EQUAL NUMBER OF TURNS. 

f t ^ n - ^ ' 

"i, N, e 9.. ^In'^ long SERIE'S of TURNS, THERE SHOULD-BE j^BOUT TWICE 

AS MANY 5's AS THERE ARE^ 7 ' s . - ^ ' 

Y, N, C 10. AS A* GENERAL RULE, THE MORE TURNS THERE ARE, THE GREATER 
IS THE CHANCE OF GETTING AN EXTREME VALUp , SUC^H AS A 2 

• OR AN 8. \ ' - * ' 

V,' N,- C 11. AFTER 10 TURNS, THE TALLY OF, SUMS FOR MORR.IS ' DATA^- 
, AND THE HISTOGRAM. OF THE ^UMS , LOOKED LIKE THE FIGURE 

MARKED M. RITA'S TALLY OF HER DATA AND tTS HISTOGRAM 
^ • . IS. MORE LIKELY TO LOOK LIKE THAT MARKED A THAN THE ONE 

MARKED B. . . , ' 

Y, ' N, C 12. AFTER 100 TURNS, BOTH TALLIES, AND HISTOGRAMS OF THE 
' DATA, OBTAINED BY' MORRIS AND RITA SHOULD BE ALMOST 
' . ■ , IDENTICAL. 

. • V- . 

Y, N, C .13. IF MORRIS AND RITA STARTED NEW TALLIES AFTER COMPLETING 

• THEIR 100th TURN, AND MORRIS' DATA FOR HIS NEXT TEN 
TURNS .PRODUCED A TALLY LIKE' THAT IN FIGURE M, RITA'S / 
TALLY FOR' HER 101st TO 110th TURNS WOULD LOOK MORE LIKb/ 
A THAN B, ■ ■ ' ' 
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_V , Name; - Page H 

ONE cloudy' SUMMER DAY, JAN/ LOIS AND PHIL WERE PLAYINC/lN m OPEN FIELET 
IN THE PARK.' IT STARTED TO RAIN, AT FIRST PHIL FELT A FEl^SPRINKLES . 
T^^JN LOIS SAW A RAINDROP, LAND ON A LEAF. LATER, AFTER THE CHILDREN HAD 
FOUND SAFE SHELTER,^ THE R^IN SHOWER TURNED JNTO A VIOLENT THUNDERSTORM, 
LASTING ABOUT ONE HOU^^. ' v 

THE FOLLOWING ARE STATEMENTS ABOUT 'hOW THE RAINDROPS FElL, YOU WILL 
FIND IT HEI5PFUL RECALL WHAT YOU LEARNED ABOUT ^THE GEIGER COUNTER.'^S* 
RECORD OF 'EVENTS. - ' . 

.1 • ^ 

1. THE F'lRST^ DROPS FEllL ON PHIL: \ - 

' A. BECAUSE HE WAlS LARCSeR THAN THE GIRLS . ' 

B. -.BY CHANCE . . , 

C' FOR SOME OTHER REASON. \ 



.2. JAN THOUGHT OF THE FIELD AS DIVIDED INTO SQUARES, ONE-N^ETER ON EACH 
SIDE.' THE RATE AT WHICH, THE RAINDROPS FELL INTO A CERTAIN SQUARE 
WOULD BE: ' ' , . . ! 

* 

A. THE*SAME AS FOR ALL THE bTHER SQUARES. . ^ , ' 

B. ^ 3REATER FOR THOSE SQUARES IN THE WESTERN PART OF THE PARK THAN 

FOR THOSE -IN THE EASTERN.'. ' ' . " ' 

C. DIFFERENT THAN MOST OF THE OTHER SQUARES. . , . * 



,T0 G^T A 



3tr. ,T0 GET A GOOD MEASURE OF THE AVERAGE OF HOW MUCIf RAIN WOULD PALL IN 
THE FI'ELD, A 'T>EyiCE gALLED A RAIN GAUGE &HOULD BE^LACED^- 

A. UNDER A.DRAIN JROM THE ROOF OF THE SHELTER HOUSE 

^* B. 'tn the CENTER -'of' the 'open FIEL6 . ' * 

: ' \ ^ ^ 

C. IN THAT SQUARE WHICH HAD THE\^AVERAGE AMOUNT OF RAINFALL* IN 

THE LAST STORM. . - ' ^ ' 

'4. LOIS WANTED TO KNOW HOW MUCH RAIN FELL IN EACH SQUARE FOR EACH • 
MINUTE. SHE HAD FOUND OUT HOW TO DO THIS FROM THE NATIQNAL WEATHER 
SERVICE AND Sp SHE MADE THE MEASUREMENTS DURING THIS STORM. WHE'N SHE 
ANALY-ZED THE RESULTS/OF THE MEASUREMENTS^SHE FOUND THAT IN THE F1R5T 15 
MINUTE'S OF THE STORM, ^ WHICH WAS VERY BLU5TERY AND VIOLENT BEFORE IT - 
MOVED TO ANOTHER AREA', THE AMOUNT OF RAIN FALLING PER MINUTE WAS: 

A-. ALL VERY SMALL IN EVERY SQUAR^./^ ' ' ' \ ' 

-' • 

. B\ BOTH SMALL AND LARGE IN MOST OF THE SQUARES, ^ - 

>' . . • • ' • X* . 

C. -VERY LARGE IN ALL THE SQUARES. , . 



5. THE AMOUNT OF RAIN FALLING PER MINUTE MEASURED ON. ONE RAIN GAUGE 

IN THE OPEN FIELD FOR THE ENTIRE -DURATION OF THE STORM (ONE HOUR) 'WAS: ' 

k. incrHsing regularly ^nd then decreasing regularly. 

• B. generally -LARGER pU^ING THE" MIDDLE OF TH£ STORM BUT ,^ EVEN THEN, 
• ' ■ IN SOME MINUTES VERY SMALL AMOUNTS WERE RECORDED. 

' C. IN 'exactly -THE SAME PATTERN AS WOULD HAVE BEENaMEAgURED AND 
» RECORDED 'IN ANY OTHER PART OF THE FIELD. ' ^ ^ 



6. IF TEN RAIN GAUGES WERE PUT IN -WIDELY SEPARATED OPEN AREAS IN TEE 
FIELD DURING THE RAIN STORM,' WHICH OF THE FOLLOWING STATEMENTS WOULD 
BB. TRUE ABOUT THE AMOUNTS OF RAINFALL RECORDED? ... 

CIRQLE THE^ y'FOR YES; CIRCLE THE FOR Vo. 

Y N 'A. eJaCH area 'WILL RECORD THE SAME TOTAL AMOUl^T FOR THE 60 

' H'ilMUTB ' (ONE- HOUR) PERIOD OF THE STORM. 

Y N B. THE PATTERNS OF HEAVY AND LIGHT RAINFALL WOtfLD BE IDENTICAL 
' . AT .EACH GAUGE . . ^ \ 

N ' C. 'tHP^DIFFERE^^C:ES, OR VARIATIONS l(VARIABILITY) , IN AMOUNTS 
OF RAINFALL PER MINUTE AT A PARTICULAR GAUGE WOWLD BE 
«i GREATER- THAN THE DIFFERENCES BETWEEN. THE AVERAGE AMOUNTS 
RECORDED FOR EACH MINUTE BY ALL THE GAUGES. 
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7, BAR GRAl'^HS WERg MADE TO SHOW THE AMOUNTS OF RAINFALL MEASURED -BY 
EACH OF TEN RAIN GAUGES REFERRED TO IN QUESTION 6 ABOVE.* DATA 

WERE TAKEN EVERY. 5 MINUTES. A BKR GRAPH WAS' AL-SO MADE OF THE AVFPAGE 
AMOUNT 0F "rainfall REGISTER:ED BY THE TEN RAIN GAUGES DURING THE 60-MIN- 
UTE PERIOD OF THE STORM. THE SOLID-LINE GRAPHS IN BOTH FIGURES H. ANQ I 
BELOW SHOW THE AMOUNT OF RAINFALL ' AVERAGED FROM ALL TEN GAUGES, EACH 
HA3 A DOTTED LINE" GRAPH DRAWN UPON IT TO §HOW AMDUNTS OF RAINFALL THAT 
MAY HAVE BEEN -MEASURED BY ONI^Y A SINGLE GAUGE. WHICH ONE OF THjE SETS > 
OF GRAPHS (FIGURE H • MOST LIKELY REPRESENTS WHAT WAS ' ACTUALLY 

MEASURED BY A GAUGE IN THE FIELD? ' - 

WRITE YOUR ANSWER ON THIS LINE. ■ . , . 



WHY DID YOU SELECT THAT FIGORE?. 



< 

EH 
O 



FIGURE K 



•FIGURE I 



U. I 



20 



40 



60 




"TIME, -MII^UTES 



TIME, MINUTES 



■AVERAGE 

'one' rain- c^auge 
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SEQUBSCE I:. HERE. IS A PICTURE OF HOW SOME BLACK "AND WHITE MARBLES WERE 
ARRANGED IN" A DISH. 





THE DISH WAS THEN PLACED ON A TABLE WHICH WAS SHAKING. AS A RESULT OF 
THE SHAKING OF THE TABLE THE MARBLES MOVED AROUND JN THt DI$H . ^ PLACE ' 
A Z ON THAT PICTURE WHICH SHOWS THE 'ARRANGEMENT OF THE MARBLES AFTER 
THEY HAD BEEN SHAKING FOR A CONSIDERABLE LENGTH OF TIME; PLACE AN M ON 
THAT PICTURE WHICH SHOWS THE MOST LIKELY ARRANGEMENT AFTER ^BOUf HALF 
THE LENGTH OF TfME OF. SHAKING. KEEP IN MIND THE IN I Tt)?^. , ARRANGEMENT 
OF MARBLES" BEFORE SHAKING.' 



1 . 
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SEQUENCE II: T^E DOTS I'M THESE PICTURES REPRESENT SOMe' BLUE VITRIOL ^ / 
MOLECULES. THE CLEAR POTATION REPRES'ENTS WATER. , THIS SYSTEM IS ALLOWED 
TO' STAND' FOR SEVERAL DAYS, MARK THAT PI.CTURE WHICH SHOWS THE SITUATION 
EARLY IN THE SEQUENCE WITH AN A ANQ MARK A Z ON THE PICTURE WHIQH SHOWS 
THE SITUATION AFTER A LONG PERIOD OF TIME. . • ^ 
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MinisequenceVI .^^^^ii^- 
'Towards an Ideal Mechanical System 



. Screening Assessments 



The concepts developed in Minisequence VI and tested in this 
Assessment aret / . * * 



a • 



b. 



/ ^ 

The total amount of ener.gy (mechanical plus thermal) in a 
system remains constant. * ' , ^ 

In an. ideal system, tfie different forms of mechanical en- 
ergy (pojJe'ntial and kinetic) can be converted from one to 
th6 othei^* without any loss -of mechanical eneA^y. 

The kinetic energy of an object can be transformed into 
thermal energy. * * 

The amount of work done to increase th'fe gravitational poten- 
tial energy of an objects (lifting it against gravity) does 
not depend on the path thfough which* the object is raised.- 

A loss in the mechanical /energy of ^ system may be accounted 



fojr by the production of '\ thermal ' energy due to 
e'f f epts / 



:ic,t ional 



There are three parts to tjbis groXP of assessmentrS . Part 1 is 
concerned mainly- with concept (d); lUrt 2 with Qroncep\:i ^(b) arid^ 
(e) ; and Part 3 With concepts (a), ^c>y^nd (je)y 

Distribute the * asses sment pages to the children ar^ have tTiem 
write their name's in* the appropriate places. You may wish to 
'distribute each part separately. This assessment should take 
about 30 to 40 minutes to administer. ' ^ ^\ 



0^ 

MINISEQUENCE VI. ASSESSMENTS 



PART 1 . . • 

Page A * - . 

Have the children turn to page'A. ^ , ^ 

I AM GOING TO ASK YOU SOME QUESTIONS. EACH HAS THREE POSSIBLE 
ANSWERS.. YOU SHOULD READ* SILENTLY ALONG WItH ME. DRAW A CIR- 
CLE AROUND THE LETTER OF THE BEST ANSWER ^TER I n^INISH READ- 
ING EACH QUESTION ALOUD'. (Allow about 30 seconds >or each 
choice. If you feel it helpful for thfe children/ read the'que 
tions aloud again as they make^t^eir chx)ices.) . ' ^ 

1. JANICE WALKED TO THE TOP OF ^ lllLL. SHE CARRIED- A BALL WITH 
HER. WHEN SHE REACHED V^IJE TOP O^F THE HILL, DARRELL, WHO WAS AT . 
THE BOTTOM OF THE HILL, , THREW A /SECONX) BALL TO HER. COMPARE THE 
POTENTIAL ENERGIES Ot THE FIRST I AND SECOND BALLS WHEN THEY ARE 
AT THE TOP OF THE HILL. 

A. ' THE SECOND BALL HAS MORE POTENTIAL ENERGY . 

B. ' JANICE'S FIRST BALL HAS MORE POTENTIAL ENERGY. 
" . C. BOTH BALLS HAVE THE SAME POTENTIAL ENERGY. 



Ifi 



2. DEAN CARRIED A BASKETBALL IFROM THE BASEMENT. OF HIS HOUSE TO 
THE ROOF. HE FOUND ANOTHER BASKETBALL OJH THE ROOF. COMPARE v 
THE POTENTIAL ENERGIES OF THE TWO BASKETBALLS, 



..'^:THE on?: ' 



a.'^I the one he carri'ed u? has MORE' potential energy. . . 

B . THE ONE THAT WAS ALREADY UP .THERE HAS MORE POTENTIAL 
JENERGY. , ^ . ^ 

C. THEY BOTH HAVE THE SjAME AMOtJNT OF POTENTIAL ENERGY. 



3. DIAfiE EXERTED 10 FORCE-Ul^ITS TO LIFT A BRICK 45- FEET. THEO 
STOOD OMvTHE ROOF. OF HER HOUSE AND PULLED UP A BALL 20 FEET TO 
THE TOP^^ THEO EXERTED 5 FORCE-UNITS .TO RAISE THE BALL.. COMPARE 
THE POTi^NTIAL ENERGIES OF THE BALL AND THE BRICK AFTER THEY 
WERE LIFTED. ' - ." 

A^ THE BALL HAS MORE POTENTIAL 'ENERGY. 

B. 'THE BRICK HAS MORE POTENTIAL ENERGY. . 
f < • * 

C. THEfY BOTH HAVE THE SAME AMOUNT OP POTENTIAL ENERGY. 
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MINISEQDENCE VI ASSESSMSNTS 



PART 2 

/ 



Page B 

... ^ 

Have the children look at- pige- B . . 



I, 



AGAIN I AM GOIN.G TO ASK SOME- QUESTIONS . EACH QUESTION-HAS 
THREE POSSIBISE- ANSWERS. "AFTER I READ ALOUD EACH QUESTION AND 
ITS POSSIBLE ANSWERS, DRAW A CI'RCLE AROUND THE LETTER IN FRONT 
OF THfi ANSWER YOU PREFER. , YOU MAY READ SILENTLY WHILE I READ 
ALOUD.. (Allow, about 30 secon'ds for the children to make their 
choices for each que'stion-.) HERE IS THE FIRST QUESTION. 



1*. ARNOLD HAS, A LAWN MOWER ANp HE CALCULATED^ VERY CAREFULI/Y - 
HOW MUCti WORK. IT HOOK TO PUSH IT. > HE FOUND THAT THE-AMOUNT OF 
WORK HE PUT INTO THE MOWER DID NOT EQUAL THE AMOUNT, OF WORK THE 
-MOWER DID. WHICH ^STATEMENT IS tIiUE? .\ 

A. THE MOWER Wi'l;L ALWAYS DO ^ MORE WORK THAN IS PUT INTO IT. 

B. THE 'MOWER WILL ALWAYS DO LESS WORK- THAN IS PUT INTO IT". 

C. SOMETIMES THE' MOWER WILL DO MORE WORK AND SOMETIMES 
LESS WORK. ' * • 

2. ARNOLD WANTS TO ShJIPtHAT THE TC,TAL AMOUNT OF WORK HE PUT- . 
INTO THE LAWN MOWER CAN BE .ACCOUNTED ^-OR,. IN ADDITION TO THE 
AMOUNT OF WORK THE MOWER DOES WHAT ELSE SHOULD HE CALCULATE? 

A. THE AMOUNT OF POTENTIAL ENERGY PRODUCED AS VHE 
. " . _ MOWER CUT. ,; - 

B. THE AMOUNT OF HEAT ENERGY PRODUCED AS THE MOWER CUT 
THE GRASS-. ■ - ' ' 

C. THE.; AMOUNT OF HEAT ENERGY PRODUCED BY .THE 5,UN. 

3. ARNOLD DOES NOT LIKE t'hE IDEA OF PDOTING SO MUCH MORE WORK 
I^ITO THE MOWER THAN HE GETS OUT. WHAT ^HOULD HE DO?. ^. 

A-^' GET A -pRGER MOWER. - - t 

'b. oil TIIE MOWER TO REDUCE FRICTION. 

c. <5iL 'THE Mower to increase friction. . \^ 
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4. PRETEND YOU ARE ON ANOTHER PLANET' IN SPACE WHERE THERE IS 
NO FRICTION. ^ A PENDULUM BOB IS PULLED BACK AND l^LEASED. ^WHAT 
WILL EVENTUALLY HAPPEN HO THE PENDULUM? ' . ^ 

A. IT WliiL EVENTUALLY STOP MOVING. 
-B. I* WILL .TEND TO SPEED UP. ' 

X. IT WILL NEVER STOP'. ' ' ' . ^ . 

<• « ♦ 

- ■ A. ' ' 

5. WHAT POSITION WlLL 1*HE , PENDULUM REACH AT EACH SWJNG? 

\ THE SAME HEIGHT. ' • * ' , 

B. . A L0W51R. HEIGHT. 

* » * * * 

C. HIGHER H&IGHT. 



Page C 



TURN TO' PAGE C. 



6. P7HY WOULD IT 'BE^ DIFFICULT TO PLAY GOLF ON THIS FRICTIONLESS 
PLANET? . . ■ ^ , • 

^ A. the! PLAYER COULD GET A PE-RFECT SWING EACH TIME. 
B. THE BALL WOULD 'STOP ROLLING TOO SOON. 
C; THE' BALL WOUlio NEVER STOP ROLLING. ' v 



P^AOT 3 



Page D 



;IN THE REMAINDER Of THIS ASSESSMENT I S^HALL READ ALOUD A DESCRIP- 
TION OF SEVERAL SITUATIONS INVOLVING THE IDEAS WE HAVE BEEN ' 

Working witH|; aft£r eacA, situation i shalIt read , some questions . 
•about the siffuati(5n. each of these question^ will also have ^ 
t^ree possible answers. i shadl paus& between,.each question so 
'yqtj can"' circle the letter. in front of the answer you preper. 
look at page d. here is the first situation. .read silently 
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WHILE I READ ALOUD. (,Allow about 30 seconds for the children 
to respond to each question.) 



SITUATION I'.- MORRIS IS ON >A SWING 
WHICH LOOKS LIKE THE ONE IN THE 
PICTURE. THE LETTERS D 
AND S REPRESENT DIFFERENT POSITIONS 
THAT THE SWING WILL REACH WHEN IT 
IS SWINGING, , MORRIS AND THE SWING 
ARE PULLED BACK TO POSITION A AND 
THEN RELEASED. / 





0. 



B 



' • • V 

1. AT WHICH POSITION IS MORRIS' POTENTIAIi ENERGY THE GREATEST? 



A. AT POSITION A. 

B. ' AT POSITION B. 

C. AT POSITION C. 



2. ' AT WHICH POSITION IS HIS KINETIC ENERGY THE GREATEST? 
A. AT POSITION A. , ' 

■ B. AT POSITION B. 
• C. AT POSITION a. A 
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1 



3;* AT WHICH TWG POSITIONS IS HIS POTENTIAL ENERGY ABOUT THE 
SAME? • ' 

A. AT» POSITIONS A AND B. . ' ' - . 

■ B. AT, POSITIONS B AND C. 

C, A?' EOSITIONS A.'AND'D; ' ' '-^--m^ 

- ' t > - 

Page E ' . ' . - ■ . 

NOW TURN TO PA(?E E, BUT YOU MAY STILL WANT TO LOOK AT THE PIC- 
TURN ON PAGE D. - . • 



4. AT WHICH' POSITION IS MORRIS, MOVING THE FASTEST? 
' A. POSITION A. ' ' 

B. ' POSITION B. \ ■ . - ^ 

. C. -POSITION G. '■ 



5; AT WHICH POSITION IS- MORRIS .MOVING "THE SLOWEST? ^ ' 
.* ;^ A, * AT^SITION A. 

.B. AT &'6SITI0N B. . * 

C. AT POSITION C. * - - 

i 

r O * - • ' . 

6. MORRIS SWINGS FROM POSITION >4 TO TO j5 TO C TO D, AT PQS-r 
ITION C WHi(p'cAN BE SAID ABOUT MORRIS' SWINGING? 



A. HE IS SPEEDING UP.^ 

B. « HE IS SLOWING DOWN. 

C. -THERE' is NO WAY TO TELL. 



I, 



7.^ WHAT Will probAblx cause the swing to stop? 

A; MORRIS' WEIGHT. 



B. THE LENGTH* OF THE ROPES^ HOLDING THE SWING. 

. • • » 

C. THE RUBB'ING OF PARTS OF THE SWINC^j AS IT MOVES. 
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^ . - ♦ 

8. 'what will happen to- the tempera^pure at the point where the 

, ROPES HOL'DING the SWING ARE- ATTACHED AT THE TOP? 



A. NO CHANGE WILL OCCUR. ' , ' • 

^ ■ 

B. -' THE TEMPE^TUte WILL RISE. 

C. THE._T|Ufi»ilRATURE WILL DfiCREASE. , 

Page" F . , , , ' • ' 

.Have the* children turn to p^age F but remind them they can look 
.'.^t "the picture on page D to help them make their choice. 

■ - 9 .* . SOMEBODY PLACES "A BOX IN. FRONT THE SWING JHOW SO THAT 

MORRIS' L5GS HIT IT WHEN HE SWINGS DOWN. IT GETS MOVED WHEN • ^ 
MQRRIS BUMPS INTO IT. HE DECIDES TO "SEE FROM WHICH POSITIpN REV 

' 'should start so that the box will move the farthest, he should 
start ''to swing frqm; \f^-- . 

'^a. position 

b. position }.* * ^ 

. c. " pt makes no difference. ^ , »^ 



Pa^'e G ' 
. NOW tORN Ta PAgE G. 

JfTUATION II: JOE AND ARNIE "WEIIE BATTING BALLS. LOIS WAS THE < 
PITCHER AND SHE -ALSO CAUGHT THE BALLS THE BOYS BATTED. 'JOE 
, COdLD SWING HIS BAT FASTER THIAN ARNIE. HERE ARE THE QUESTIONS. 
. CIRCLE THE LETTER FOR THE" ANSWER YOU PREFER..^ - (Allow a)DOUt 30 
seconds for each choice.) 

1. WHAT WOULD: SHE HAVE OBSERVED ABOUT THE SPEED OF THE BALLS* 
SHE CAUGHT ^-R^l-I/JOE COMPARED WITH THE ONES FROM ARNIE? ^ 
' • ' 0 ^ 

A. THE SPEEDS .WERE THE SAME BECAUSE BALLS. ;CAN GO ONLY ^0 

' . ' ■ FAST. ' • • . 

« - » N ■ 

B. JOE'S BALL WAS FAS TeI* BECAUSE HIS FASTER SWING GAVE IT 

more' kinetic energy. - 



C, AgNIE'S BALL WAS FASTER BECAUSE HE DIDN'T HAVE TO WORK 
. *■ "so HARD. . . * ' 



, / MINISEQuilNCE VI ASSESS^IEN^S 



2. -- LOINS'- GLOVE BECAME -VERY WARM AFTER SHE CAUGHT EACH BALL. 
THE MOST LIKELY REASON' FOR THIS IS TrA'^ " , 

A. ^ A BALL GETS VEJ^ WARM AS IT MOVES THROUGH THE AIR.» 

B. THE KIUETIC ENERGY OF THE MOVING BALL' IS CONVERTED TO 
H^AT ENERGY WHEN IT IS CAUGHT. \ ' . ^ 

C\ BASEBALL IS USUALLY PLAYED IN THE SUMyiERTIMft .WHEN ' IT 
IS MUCH WARMER THAN IN THE WINTERTIME. ' 

' ■ . • ' 4- \ ^ 

3. IF LOIS wanted' HER GLOVE NOT TO GET SO WA-RMl SHEL° SHOUKD 
PICK THE BALL UP AFTER IT HAD ' BOUNCED ON THE GROUND ' BECAUSE : 

A. ^IT WOULD THEN HAVE LESS KINETIC ENERGY.* 

B. IBOUNCINQ COOLS IT OFF. " • ~0 

C. IT WOULb BE MOVING FASTER AFTER IT BOUNCED^ ' 



Page H . , ^ 

Have the children turn to page H. . * 



S'lTUATION III: BOBBY GOES DOWN A SLIDE AT A PLAYGROUND: AT THE 
TOP OF THE SLIDE HE . HAS 100 UNITS OF POTENTIAL pNEl^GY*. AS HE 
SLIDES HE NOTICES THAT THE SLIDE Al^DVHIS JEANS BECOME WARM. 

1. WHAT WOULD YOU PREDICT ABOUT BOBBY'S KINETIC ENERGY AS HE 
LEAVES THE SLIDE BEFORE HE LANDS? , /*' ' 

'a. he WILL LEAVE THE SLIDE WITH 100 UNltfS OF KINETIC"" ' 
ENERGY.. " • , 



B. HIS KINETIC ENERGY WILL BEjff.ESS THAN 100" UNI-TS' WHEN ^ 
HE LEAVES THE SLIDE. . < , 

. C. HE WILL* GAlfl ENERGY AND LEAVE THE SLIDE WITH MORE-. THAN 
■ ■ 100 UNITg OF KINETIC ENERGY. f 

2. 'IF BOBBY WANTS TO GO OFF SHE SLIDE WITH ALMOST TWICE AS 
MUCH KINETIC ENERGY AS HE DID BEFORE, HE SHOULD:.' 

A. ^RUB WAX ON ,THE SLID^ SO HE JaN ,G0 DOWN FASTER. . - 

. CHOOSE A SLIDE THAT IS TWICE, AS LONG BUT NOT AS' HIGH. 



C. CHdOSE A SLIDE THAT IS TWICE-AS HIGH BUT .ilOT ' AS" LONG . 
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3; IF BOBBY WANTS TO MAKE SURE ti^S JEANS DON'T GET SO WARM, HE" 
•S.HOULD ; * " ■ 



A. RUB SOME WAX ON THE. SLIDS4 



B. GO DOWN AS QUICKLY AS POSJ 

C. - - EITHER OF THE ABOVE. 



gbiBLE. 



Page I - . r \t 

Have the children turn to page !• ^ 

HERE IS AN ILLUSTRATIOll FO'R SITUATION IV:': 




SITUATION IV: A BALL ROLLS BACK AND FORTH ON THE COAS.TER AS 
SHOWN. IT IS RELEASED FROM POSITION'!,' ROLLS TO POSITION 2, 
"AND .THEN ROLLS BACK AGAIN. AT POSITION 1," WHERE IT START9«, IT 
HAS 50 UNITS OF POTENTIAL ENERGY WITH RESPECT TO THE GROUND. 
CIRCLE THE LETTER IN FRONT OF THE CHOICE Yt)U. PREFER^^ AN. AN- 
SWER TO EACH ITEM. , ' \ , ' J 

1. WHEN IT ARRIV^IS AT POS-ITION 2, THE BALL HAS 40' UNITS OF 
•POTENTIAL ENERGY. THE AMOUNT OF HEAT ENERGY PRODUCED IN THE 
SURFACES WOULD BE EQUIVALENT TO: " ' 

A. 10 UNITS OF ENERGY THE DIFFERENCE BETWEEN 50 AND 40. 

f 

B'. 5 UNITS ~ HALF JTI^E DIFFERENCE SINCE IT h\s TO GO BACK 
AGAIN. ■ Jf ' ' 

. C. 20 UNIffS T— S^NCE IT CAN STILL MO^E DOWNWARDS. 



/ 



. 4 
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^ ^ , . 



WHPN THE BALL ARRIVES AT POSITION 3, IT HAS: 

'A. MINIMUM POTENTIAL ENERGY. - 
r 



B. MAXIMUM KINETIC ENERGY. 

C. BOTH STATEMENTS ARE TRUE. ^ . * 

.' * . ■ . - *• /"^ 

5. WHEN IT ARRIVES AT POSITION 3, ROLLING FROM POSITION 2, THE 
BALL IS FOUND TO-BE MOVING WITH KINETIC" ENERGY SQUltALENT TO " 
30 UNITS. THUS IT CAN BE INFERRED THAT AFTER IT LEFT POSITION 
1 and FINALLY CAME TO POSITION '3: 

■ . . ' ' ' .. , 

A. ITS KINETIC ENERGY WAS "PRODUCED AT THE EXPENSE OF 
HEAT ENERGY. , ^ . . ' 

^ S. 

B. A TOTAL OF 20 UNITS" OF HEAT ENERGY WAS PRODUCED. 

C. NO- MORE HEAT ENERGY WAS PRODUCED GOING FROM 2 to 3.' 
the' ENERGY WENT INTO MORE KINETIC EN^GY. / , 



•• I. 



Page j \ ■ . ' . . ' 

TURN NOW -TO PAGE. J . ' , 

4. - mE BALL ^THEN ROLLS UP TO POSITION 4 AND STROPS BEFORE ROLL-* 
ING DOWN AGAIN'. WITH THE B'ALL AT THIS POSITION, 4, THE ENERGIES 
OF, THE ^BALL AND SURFACES COULD BEST BE DESCRIBED AS: . 



A. A BALL WITH ABOUT 20 UNITS OF POTENTIAL ENEBGY AND 
SURFACES WITH ABOUT 30 UNITS OF HEAT ENE^Y. 

I 

B. A BALL -WITH 20 UNITS OF POTENTIAL ENERGY,. 20 UNITS' OF 
KINETIC ENERGY AND 10 UNITS OF HEAT ENERGY DISTRIBUTED 

•OVER THE SURFACES. 

■ ' ..r ■ \. . 

C. A BALL WITH:a TOTAL OF 50 UNITS 0^ HEAT ENERGY." 
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Page A 



.JANICE WALKED TO TfiE' TOP OP A MLL. SHE CARRIED A BALL WITH HER. 
WHEN SHE HEACHED THE TOP OP THE' HILL, DARRELL/ WHO WAS AT THE BOTTOM 
OP THE HILL, THREW A SECOND BAL'L TO' HERc. COMPARE THE POTENTIAL 
ENERGIES, 6? THE FIRST AND^ SECOND* BALLS WHEN THEY ARE AT^THE TOP OF THE 

hill/ / * ^ 

A. , -THE SECOND BALL HAS MORE POTENTIAL ENERGY. 

B. JANICE'S FIRSTS BALL ',HAS MOltE POTENTIAL '.ENERGY 



C. -EHOTH. .BALLS HAVE THE- SAME "POTENTIAL ENERGY, 



2. DEW?t.Ca:Rj^IED A BASKETBALL FROM TH^ BASEMENT OF^IS HOUSE TO THE 
ROOF. HE^^^fM^ ANOTHER BASKETBALL ON "fHBf'ROOF. *COfilPARE THE POTENTIAL 

'ENEBGIES' OF' *HE^TWO .BASKETBALLS. ^ 

_ • ^. THE ONE CARRIED UP HAS MORE POTENTIAL ENERGY. ' ' - ' 

^ B. THE ONE THAT* WAS ALREADY W THERE HAS . MORE POTENTIAL ENERGY. 
vC. ' THEY BOTH. HAVE THE SAME AMOUNT OF POTENTIAL ENERGY. 

3. bjANE EXERTED 10 FQRCE-UNITS TO LIFT A BRICK 5 ^'FEET." THEO STOOD 
ON^THE ROOF -OF HER' HOUSE AND PULLED UP A BAll^ 20 ^EET TO THE TOP. 
THEO EXERTED 5 FORCE-UNITS TO RAISE THE .BALL. COMPARE THE, POTENTIAL 
ENERGIES OF THE BALL AND THE BRICK AFTER THEY WERE LIFTED. 

A. THE BALL HAS MORE POTENTIAL ENERGY. . ^ ^ 

e * • 

B. the' brick has more potential* energy. ' ' ' ■ 

-V -C. THEY BOTH HAVE -THE SAMe' AMOUNT OF POTENTIAL- ENERGY . 
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VI . ^ ' • - Name : *Page 

1. .ARNOLD HAS A LAWN MOWER AND HE CALCULATED VE^Y CAREFULLY HOW 

MUCH WORK IT TOOK TO PUSH 1[T. HE FOUND THAT THE AMOUNT OF WORK.,HE PUT 
INTO THE MOWER DID NOT EQUAL TH^l AMOUNT OF WORK THE MOWER DID. 'wHI^H 
STATEMENT IS TRUE? , a • , . ^ ^ 

A. . THE MOWER WILL ALWAYS DO- MORE^WORK THAN IS PUT INTO IT. 

B. THE MOWER WILL ALWAYS DO LESS WORK THAN IS PUT INTO IT'. 

c. 'sometimes the mqwer will do more worK'Ai^ sometimes less work.-- 

2. ARNOLD 'wants TO SHOW THAT THE TOTAL AMOUNT OF WORK HE' ^^U't- INTO 

THE LAWN MOWER CAN BE ACCOUNTED FOR. IN ADDITIO^ TO THE .AMOUNT OF' ^ORK^ 
THE MOWER DOE& WHAT ELSE SHOULD HE CALCULATE?. ' » ' ' - 

A. I^E AMOUNT OF POTENTIAL ENERGY PRCJDUCED AS THE MOWER CUt/^ 

B. THE AMOUNT OF HEAT ENE'RGY PR(j|^UCED AS THE MOWER ^UT THE" "gRASS . 
*THE<^0UN'5. OF HEAT ENERGY PRODUCED. BY THE SUN. . * . ' 

3. ARNOLDyCJpES NOT LIK^l THE ,i:i>EA OF PUTTING BO MUCH MORE WORK INTO THE 
MOWER THAN HE/GE'TS OUT... WHAT' SHOULD HE DO? 



.A. GET A LARGER MOWER. * * , . ^ 

B. OIL THE MOWER TO REDUCE FRICTION. " • ' . 

.is : ■ ^' . " • 

C jOIL the mower to increase V.FRICTION. 

4. PRETEND YOU ARE ON ^N0TH£R PLANET IN, SPACE WH£RE' THERE IS NO ' 
FRICTION. *A PENDULUM BOB IS PUIjLED BACK AND RELEASED^ WHAT WILL' 
EVENTUALLY HAPPEN TO THE PENDULJjM? " / 

.A. It WILL EVE^TtJALLY^STOP MOVING. ' ' 

I 

B. IT WILL TEJND TO- SPEED UP . ' ' I ' 

.C. IT WILL NEVER 6T6P. 



5. WHAT POSITION WILL THE PENDULUM REACH AT EACH SWIN,G?' 
A. THE SAME HEIGHT. • y ^ 

^B. AXOWER HEIGHT.' , . . • 

e - • . 

C. .A- HIGHER height. , . ' .. 
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yi \ Page C 

6. WHY WOULD IT BE DIFFICULT TO PLAY GOLF ON THIS FRICTlONLfiSS 
PLANET? 

"A. THE PLAYER COULD GE^T A PERFECT SWIN6 EACH" TIME.' 

B. " THE BALL WOULD STOP ROLLING TOO SOON. 

C. ^HE BALL WOULD NEVER^STOP ROLLING.. 
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SITUATION I: MORRIS IS ON A 5WING WHICH 
LOOKS LIKE THE ONE IN THE PICTURE. THE 
LETTERS B, C, D AND i?. REPRESENT 
DIFFERENT POSITIONS THAT THE SWING WILL 
R?ACH WHEN IT IS SWINGING. MORRIS AND 
THE SWING ARE PULLED BACK TO POSITION 
A AND THEN RELilASED . 



A . 




D. 



B 



1. AT 
A.. 

C. 

2v AT 
A. 
B. 

3. AT 

B. 
C. 



WHICH POSITION IS MORRIS' POTENTIAL ENERGY THE GREATEST? 

^ 

AT POSITION i4. • 
AT POSITION B. , 
AT POSITION C. 

WHICH -POSITION I^ HIS KINETIC ENERGY THE GREATEST? 
AT POSITION Ar ' ' '■ . ' 

AT POSITION "B. . 
AT.*^^SIJ lON^ 

WHICH TWO POSITIONS. IS HIS POTENTIAL ENERGY ABOUT THE SAME? 
iAT POSITIONS A and B. 

AT POSITIONS B -and C. 

AT POSITIONS A ,and D. 
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AT WHICH POSITION IS MORRIS MOVING .THE FASTEST? 

A. POSITION- A, . 

B. POSITION B, ' ^ 

C. ^ POSITION C. 



5. AT WHICH POSITION IS MORRIS MOVING THE SLOWEST?' 
A. AT position)^ y4. ' ^ 



B. AT POSITIO^'f. 

C. AT POSITION C, 



6. MORRIS SWINtSS FROM POSITION y4 TO TO -B TO C TO Z). AT POSITION C 
WHAT,, CAN BE SAID ABOUT MORRIS^ SWINGING? 

A. HE IS SPEEDING UP . • ' 

B. ' HE IS SLOWING DOWN. . *• - / 

C. THERE IS NO WAY TO TELL. 

7. WHAT WILL PROBABLY- CAUSE THE SWING TO STOP? 

A, MORRJS' WEIGHT, 

B. THE LENGTH OF" THE ROPES HOLDING THE SWING, 

C\ THE RUBBING OF PARTS OF THE SWING AS IT MOVES, 
« ^ 

8. WHAT WILL HAPPEN TO THE TEMPERATURE AT/ THE POINT WHERE THE ROPES 
HOLDING THE SWING ARE ATTACHED AT THE TOP? 

A. NO CHANGE WILL OCCUR. 

B. THE TEMPERATURE- WILL RISfi. " • '. . 

C. THE TEMPERATURE WILL DECREASE. 
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9. SOMEBODY PLACES A' BOX IN FRONT OF THE ^WING NOW SO. THAT MORRIS' 
LEGS HIT IT WHEN HE SWINGS DOWN. IT, GETS MOVED WHEN MORRIS BUMPS 
JNTO IT. HE DECIDES TO SEE FROM WHICH^POSITION HE SHOULD START SO 
THAT THE BOX WILL MOVE 3yH^' FARTHEST . HE' SHOULD START 'TO SWING FROM: 

A. PQSITIOH^ E. "'' 



B. POSITION A. 



Cr. IT MAKES NO DIFFERENCE. 
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SITUATION II: JOE AND ARNIE WERE BA^TTING BALLS. LOIS WAS THE PITCHER 
AND SHE ALSO, CAUGHT THE BALLS TH.E BOYS BATTED. JOE COULD SWINcf HIS 
BAT 'FASTER THAN ARNIE.,. HERE ARE THE \ QUESTIONS . CIRCLE THE LETTER 
FOR THE ANSWER YOU PREFEll. \ 

1. WHAT WOULD, SH:E HAVE OBSERVED ABOUT THE- SPEED OF THE BALLS^SHE - 
CAUGHT FROM JOE COMPARED WIT^J THE QNE^ FROM ARNIE? - . . 

A. , THE SPEEDS .WERE THE SAME BEc)«JSE BA£.LS CAN GO ONLY SO FAST. 

\ * 

B. - JOE'S, BALL WAS FASTER BECAUSE H\IS FASTER SWING GAVE IT MORE 
KINETIC ENERGY. \ . • _ ^ 

C. ARNIE 'S BALL .WAS FASTER BECAUSE ViE DIDN'T HAVE TO WORK SO 
HARD. 



2. LOIS' GLOVE BECAME VERY WARM AFTER SHE CAUGHT EACH BALL. THE 
MOST LIKEI^Y REASON* FOR THIS IS THAT: \ 



AT 



A. A BALL -GETS VERY WARM AS IT MOVES ThROUGA THE AIR. 

• . • \ ■ 

B. THE KINETIC ENERGY OF THE MOVING BAIjL IS CONVEJITED TO 
ENERGY WHEN IT IS CAUGHT . ' ' \ 

■' • \ ' 

'C. BASEBALL IS USUALLY PLAYED IN THE SUMMERTIME WHEN IT IS MUCH 
WARMER THAN IN THE WINTERTIME. - * 

♦ ; ' / .. 

3. IF LOIS- WANTED HER GLOVE NO,T TO GET SO WARM, SHE SHOULD PICK THE 
BALL UP AFTER IT HAD BOUNCED ON THE GROUND BECAUSE: - - • 



A. IT WOULD THEN HAVE LESS KINETIC ENERGY'. 

B. BOUNCING COOLS IT OFF.. ' , * 

C. IT WOULD BE MOVING PASTER AFTER IT BOUNCED. 
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SJTUA!^IO^ III: .BOBBY GOES DOWN A SLIDE AT A PLAYGROUND. ^AT THE TOP 
OF THE SXilDfi HE HAS lOO, UN|TS.OF POTENTIAL ENERGY. A^ HE^LIDES HE 
-NOTICES THAT THE SLIDE AND. HIS^J^ANS BECOME WARM. 

1. WHAT WOULB YOU PREDICT ABOUT BOBBY ' S ^KINETIC ENERGY AS HE; LEAVES 
THE SLIDE- BEFORE HE LANDS? 

"' \ ' ' " ' > • ■ ' 

. A. HE.WltL LEAVE. THE* SLIDE WITH 100 UNITS OF KINETIC ENERGY. 

B. HIS KINETIC ENERGY WILL BB^.LESS THAN 100 UNITS WHEN HE LEAVES' 
» THE 3LIDE.. ' ' ^ 



•c. he will gain- energy and leave. the 'slide with more than 
,100 units" of kinetic energy. 



1 



2. IF BOBBY -W^TS TP GO. OFF THE 'SLIDE WITH ALI<pST TWICE AS MUCH 
KINETIC ENERGY AS HE DID BEFORE, HE SHOULD: 

i 

A. RUB WAX ON THE SLIDE SO HE CAN GO DOWN FASTER^' 

CHOOSE A SLIDE THAT IS ^WICE^AS LONG BUT NOT AS HOiGH. 

C. CH.OOSE A SLIDE THAT IS TWICE AS HIGH BUT NOT AS LONgX, 
. . ■ ' ' ... ^ ■ ' V • - ' \ 

3. IF "BOBBY WANTS TO MAKE SURE "HIS -JeANS DON'T, GET SO^WARM, HE 
"SHOULD: j ' K ' ' 

A. . RUB* SOME WAX ON THE SLIDK. 

B. GO DOWN AS Ql/ICKLY AS POSSIBLE.. 

C. EITHER OF, THE ABOVE. 




SITUATION IV: A BALL ROLLS BACK AND FORTH ON TH5 COASTER AS SHOWN. IT* 
IS RELEASED FROM POSTION 1, ROLLS JO POSlflON 2, THEN ROLLS BACK- AGAIN. 
AT POSITION 1, WHERE IT STARTS., IT HAS., 50 UNITS OF POTENTIAL ENERGY WITH 
RESPECT TO THE GROUND. CIRCLE THE LETTER IN FRONT OF* THE CHOICE YOU 
PREFER AS AN ANSWER TO EACH. ^^EM. 



i mi 



1. WHEN IT .ARRIVES AT POSI^fON 2, THE BALL HAS 40 UNITS OF POTENTIAL/ 
ENERGY. THE AMOUNT OF HEAT ENERGY PRODUCED IN THE SURFACES^ WOULD BE 
EQUIVALENT TO: . " \ 

A. 10 UNITS OF ENERGY — THE DIFFERENCE BETWEEN 50 AND ^dv, 

B. 5 UNITS — HALF THE DIFFERENCE SINCE IT HAS TO, GO BACK AGAIN: 

C. 20 UNITS — SINCE IT CAN STILL MOVE DOWNWARDS. 



2. 



WHEN THE 6ALL ARRIVES AT POSITION 3, IT HAS: 

A. MINIMUM POTENTIAL ENERGY. ^ 

B. MAXIMUM KINETIC ENERGY. 

C. BOTH STATEMENTS ARE TRUE. 



3. .WHEN IT ARRIVES AT POSITION 3, ROLLING FROM POSITION 2, THE BALL 
IS FOUND vTO BE MOVING WITH KINETIC ENERGY EQUIVALENT TO 30 UNITS. THUS 
IT CAN BE INFERRED THAT AFTER IT LEFT POSITION 1 AND FINALLY CAME TO ' 
POSJTION 3: ■ ' 



A. 

B. 
C. 



ITS KINETIC 'ENERGY WAS PRODUCED AT THE EXPENSE OF HEAT 
ENERGY. , . " ' 

A TOTAL OF 20 UNITS OF ^EAT .ENERGY WAS PRODUCED. 



\ 



NO MORE HEAT ENERGY WAS PRODUCED GOING FROM 2 TO 3 . THE 
ENERGY WENT INTO MORE KINETIC ENERGY. 



J 
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4. THE BALL THEN ROLLS UE TO POSITION 4 AND STOPS BEFORE ROLLING 
•DOWN AGAIN. WITH THE BALL AT THIS, POSITION, 4, THE ENERGIES 01' THE 
BALL AND- SURFACES COULD BEST BE DESCRIBED .AS : . • 

A. \ A BALL WITH ASOUT .20 UNITS" OF POTENTIAL ENERGY* AND .§URFACES 

\WI.TH. ABOUT 30 UNITS OF HEAT ENERGY. 

^ I ■ , • • ' - r\ 

B. BALL WITH 20 UNITS Of POyENTi;AL ENERGY, -20 UNITS OF ^ " 
KINETIC ENERGY AND 10 UNITS OF HEAT ENERGY DISTRIBUTED r 
OVER THE SURFACES, , ' ' 



C. A BALL .WITH A TOTAL OF 50 UNITS OP HEAT ENERGY. 




-J 



) 
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l^oring Giiide for the Assessments. 



This Scoring Guide is proVi^d for easy reference in evaluating 
''tshildren • s performances on the Screening Assessments. As noted 
elsev)here, these assessments are oriented to the mas.tery of ' 
coxTcepts by each child, not to the possible objective of diff- 
erentiating , or "grading^' , the children. Each teacher should 
de'cide on a quantity inflex for mastery, based on the time spent 
on the Activities; the it^s have been prepared so that 70% 
agr etsment with the Scoring Guide would be considered adequate 
for a mastery crite^rion. Should the children's overall perform-* 
ance fall below the cri.teria set by the teacher, the time spent^ 
on COPES, the teax:her*s preparation, the children's involvement 
in science q^iould, be reviewed. 

For' each Minifeequence , selected commen^ts on the preferred and 
alternative respohses are offered as an aid to class discussion 
of the Screening ;^ssessments .as a feedback for learning, if 
desired. Ln ad^tion, an e^xample of/ a small-step^ dialogue or 
discussion 4nay be .provided for a prdblem^ in each Minisequence , 
for use as an individual assessment-Ains true t ion for those chil- 
^dren who do' not show mastery on the Screening Assessments. The 
teacher may develop' similar dialogues for other problems as 
needed * ^ ^ ^ ' t 



MINISEQUENCE I Screening Assessments 



PREFERRED RESPONSE 



PART 1 
1. A 



2. B 



) ■ 



COMMENTARY 



(C) Particles of rock have 
always been a part, of the soil 
However, they were formed from 
rock as it was broken up. 

Under certain condition's you" ' - 
might find a 1-1 of these (A,^B 
** and C) , however the one you 
.would be most sure to find is 
B . 

I. 
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PREFERRED RESPONSE 
7 ' 



3. C 

4. A 

5 ; E- 



4. A 



5. C 



B . 



PART 3 
1 . A 



2 . B 



126 



COMMENTARY 



r 



V 



(A) 'Even though rocks' are hard, 
moving water eventual ly wears • 
them away . 

No' comment necefssary 

The organic material To5rmed 
by living things makes soiils 
feellessrough. ^ 



No comment necessary 
No comment necessary 

Generally, tppsoil wi^^ hold 
'more water than subsoil 

becaus^ it contains more 
^orga^iic material . J ' 

The organic material in top-^ 
soil* incree^ses its wai/^T- 
hold ing^ capacity . 

No comment? necessary * 

?he subsoil would hold less , 
7ater, ttierefc^e it 'Would lose 
less wei-ght when heated.. 



(B) Bubbles can be formed by 
shaki?ng a liquid^ siijjce. air 
becomes^ trapped in -the liquid. 
However such bubbles last for 
^ only a short* time*. '^Yeast cells 
giyA Q:f fji^a gas called carbon 
dioxide. Bubbles of it form 
> the froth. 

C.A) This ±t tr^ae, however / a,ny 
qa's" wij.1 also. v make y-ou belch ' 

(B) This was the test for, car- 
\ bon dioxide that was establish- 
ed in thfes'e* activities. 
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^PREFERRED RESPONSE 



3. - A 

.4. C 



■ PART 4 

.^ I . B 



2. C ^ 



3. - B 

4, A 



5*. 



*PART^5 



1. A 



2. A 



3*. B 



5. O 



ERIC 



COMMENTARY 
No comment necessary 



As emphasized in these activi- , 
ties all living things give off 
carbon dioxide . 




No comm-ent nece ssary 

Both,-- air movement and, relative 
humidity affect w^ter loss from 
plants . 



No comment necessary 



■f 



(C) IJt is assumed the^t air 
movement ^s atbout the same 
under both conditions. The 
relative humidity i s lower 
when hot air is..cirt:ulated 
through the' l\ouBe. 



No comment nece saary 



No comment necessary 

(B) It is trye that twi^gs will 
use more/ water indoors, however 
this is brought ^n by the high- 
er temperature indodr s • • 

This is essentially what happen- 
ed in the insect trap in Activ- 
ity 5.. 

(A)^ There is carbon dioxide in 
the air but living things must 
obtain oxygeli from the air. 



comment necessary 



1.33 
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Individual Assessment • 

An example of a-^mall-Step Dialogue based on Part 4 Problem 3 

Key ■ - . •'. . 

T: TEACHER STATEMENT OR QUESTION READ" ALOUD TO THE CHILD OR ^ 
■ SMALL GROUP OF CHILDREN. 

C: Child's possible response . ^ 

T: HERE ARE DRAWING OF TWO'KINDS OF PLANTS. (Sketch the 
following on the chalJcboard . ) 





T: WHI'CH ONE iS MORE LIKE A PINE TREE? aWHICH IS MORE- LIKE A 
. GERANIUM PLANT? ^ 

The first is wore like a pine, tree. The second is more like 
a geranium plant. (if the child cannot tell the difference, 
tell him which is which.) * * . ^ 



ERLC 



T: HOW ARE THE LEAVES* OF THE PINE ' TREE DIFFERENT FROM THE 

LEAVES OF THE GERANIUM PLANI^. ' ' ^ - 

C: They are much smaller." They are long^ narrow^ and sharp. ' 

T: BECAUSE OF THEIR SIZE AND SHAPE WHAT ARE PINE LEAVES USUALLY 
■ . C^LED? • . ' 

C: Vine needles. 

T: IF YOU WERE TO SPREAD'OUT ALL OF THE LEAVES FROM JANICE AND 
MURIEL'S GERANIUM PLANT ON ONE SHEET OF i>APER AND ALL OF THE. 
LEAVES OF THEIR LITTLE PINE TREE ON ANOTHER, WHICH WOULD 
COVER MORE OF THE SHEET. 
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V 



C: The geranium leaves would aover more, 

T: SINCE THE" GERANIUM PLANT HAS MORE LEAF SURFACE EXPOSED TO 
THE AIR THAN THE .LITTLE PINE TREE, WHICH' WOUtO LOSE MORE 
WATER TO THE AIR? / 4 

C: The geranium plant. 

T: IN JANICE AND MURIEL'S EXPERIMENT WHY WERE TWO PLANTS OF*' 
ABOUT THE -SAME HEIGHT SELECTED?" 

C> To try to oontrol .the experiment betler. If one plant were 
^ target than the other it would not he a fair comparison. o 

T: WHY WERE THE .POTS AND TOP OF THE SOIL COVERED WITH. A PLASTIC 
WRAP? . 

C: To keep ttght^ temperature^ and air conditions the same for 



T: 



both plants. 

IF .WATER CONDENSED INSIDE THE BAGS THAT WERE TIED OVER THE 
PLANTS, WHERE MUST IT HAVE COME'TROM? 



C: The stems and ledves of the plants. 

T: SINCE THE' MAIN DIFFERENCE IN THE TWO PLAN^ WERE THEIR 

LEAVES; WHICH EXPLANATION (A, OR C) APPEARS TO BE BEST? 



\ 



MINISEQUENCE IT Screening Assessments 

<5 



PREFERRED RESPONSE 



PART 1 • ' 



1. ' A 



2, A 



3. C 



COMMENT|ARY ^ 



5. 



The appearance ' of dpops of 
water as heat energy is add- 
ed is evidence that wai:er 
is being driven o,ff. The 
water was probably bonded to 
the salt, since the salt was 
dry to start with. 

When -the hydrate bonds re- 
form , heat energy is given 
pff. This same release of 
energy occurs when any bond 
.is' formed. 

In general, as the child^ren 
have experienced in th^'A<:- 
tiv4**ties*t t^e bonds^9lding 
water molecule di/tyoti^^lt*" 
(the hydrcite vbbndgJ, " 
■ before the solid^-'j^^, 
When solid-s'" ■ " ^'^ 
the sadt me 



This s atrip ie^ 
er; thus moj^e'' 
was, Addled '"^f/L 
c 6 l^o rk^^cUji e ; 

other '-^s aitip 1^ ''s n©<we( 
change • % 



ergy 
Al^o / the 
rea^s the 
b, such 



.0^ 




The yellowf<salt 
the added* heat 
had ' produced ^ the ye^ 
color f roD(i t^e blue. 
When water was addea 
^of the yellow samples it be- 
came blue again, .Apparen tly 
the blue form- is the' h^* *^ 
d rated form and t^e vellow <• 
the anhydrous '(wat er4f i^ee) ' 
form of the sal^t, Thi^^'^ when 
water was added-, the y^lloW 
salt ire-f ormea hydrate bonds 
becamj b'lue and releaf?f^d its 
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PREFERRED^ RESPONSE- 



COMMENTARY 



6* B 

PART .2 

Task I. A. + 
' C. + 

' ' " ' E . + 



, . F. 
Task II , 

A"^circle should be araundx 
A. white vitriol^ 



I 



extra energy' as heat energy 
to the surroundings . 



6. See response above 



A. Heax^ energy is absorbed in 
the, br^eaking of any bond. 



B . See A ^bove . 
C. See A ^bove . 



D. Hydrate bonds wi-11 be formed 
Thus he'|it energy will be 
given of-^. 

E . This process involves the 
break in cf of solid- solid 
bonds-* thus heat energy is 
absorbed . Some dissolving, 
however, is accompanied by 
hydrate bond f or ma tion . If 
^o, the. combination of the 
two processes will result 

in heat enprgy being absorb- 
ed or liberated depending 
~ on which pi^ocess predomincites 
This can l^ad to interest- 
ing side excursions for some 
children* 

F. ' See D above . 



A. Heat energy is absorbed by 
blue Y^^triol to form, white 
vi tri6^1--an observation 
made many times by the chil- 
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PREFEI^RED RESPONSE 




B. ^Gas 



C • Liquid" 

D. Anhydrous salt 

*E« 'Dissolved salt 

F. Starch plus iodine 



J 



ERIC 
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COMMENTARY 



dren. Thus the white torm 
has more energy.- -Ml* o , 
whenever bonds are broken/ 
• the resulting ' substanl 
(without the bonds) pos'sesses 
more energy . 

B. A liquid absorbs energy to 
become a gas. As the sche- 
matics have shown in discus- 
sing changes of state, a gas 
possesses more energy than 
either a liquid or solid. 
Gas molecules can move more 
freely 'than the liquid. If 
both 'the gas and liquid are 
at^ the same temperature the 
gas molecules possess •'more 
potential energy since they 
have been pulled aw Ay from 

^ ■ their neighboring^ n^^ecule's 
,in the liquid. 

C ^ame argument as ^ or B above . 

D. See A, above . 

E. See response to E in Task I* 



F* The complex represents a' 
bond between- starch and 
iodine. the- breaking of a 
bond requires ener,g-y . Thus 
the same reasoning applies 
that when bonds break the 
resulting subs tance (s) has 
additional energy ♦ In 
Activity 5 of this Minise- 
quence , the children found 
that the deep blue coloJr of 
the complex disappeared as 
heat energy j^as added. Sta 
Starch plus iodine*'r esul ted 
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PREFERRED RESPONSE 



PART 3 



It B 



PART 4 
I. B 



* COMMBNTfRY 



Color need not change when 
hydr^ted salts are heated. 
The children had s\;ch exper- 
iences wit^ salts such as 
epsom salt; hypo, etc . 
As- for ^'(C) ; nothing was men- 
tioned about meltinq. 

If', as suspected, the* salt 
was hydrated, then the, loss 
'of Jbhe bonded water on heat- 
ing would result in 'the loss 
^of substance from the system. 
The sample would therefor^ 
weigh pro^<irtionately less. 
Melting- does not change the 
weight of substance (see. 
Grade 4, Minisequen^se I.). 

The » de-hydratiOn process^ is 
^ reversible one. If the 
children realize this, they 
should re^^on that as the 
' system returns to its orig- 
inal hydrated condition, it 
wi 1 1 gi^ve off as much heat 
energy (50) units as wer.e 
originally put in^ 



Giving off heat energy meaV^s 
that bonds are forming. 
Since water is being acfded, 
thefi it is most likely that 
hydrate bonds (water to 
salt bonds) are the bonds' 
being formed. The other 
two responses represent the 
breaking of bonds-- requi ring 
the absorption of heat 



ERLC 
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PREFERREDr' RESPONSE 



'2 . A 



'3. A 



4. 9 



COMMENTARY^ 



energy--whi ch would^iP'e , 

cooled the sample . 

2. > Less solid means spme dis*- 

solved in the added water. ^ 
. f^lso, if no. hydrate bonds 
form, the dissolving p^oce s s 
requires the Absorption of 
heat energy. See response * 
to PART 2f Task' I, item F. 

3 . Lowe ring of temperature 
(aooling) ^means heat energy 
is absorbed.. ThUs , bonds 
are being broken. • This can 
occur only in option (A) . 

4. Self-evident from the mark-^ 
edly^i f f erent interactions 
wi^th v^ater, • 



' Individual Assessm^t ' 

Two small-step dialogues are provided for Minisequence II. , 
This indi.viduai*^ssessment assumes that item 2 of Part 1 was 
' answered incorrectly. Similar stapwis'e dialogues can be used 
for other itejns. What is presented he're shou'ld merely be 
itlustvative of the approach to be taken. Individual children 
and teaching styles may call fpr other; indi vidual^approache s . 



Dialogue A: 



The pr'oblem states that a salt, once had some water bonded .to 
it, but that the water had been removed. (See Key on page 128) 

C . ' . • '■ ° 

T: WHENEVER A BOND BETWEEN '^PARTICLES JS" BR0KEN, DOES IT TAKE 

IN HEAT ENERGY TO DO THIS, OR DOES- IT GIVE OFF HEAa> ENERGY? 



C: 
T: 



I'm not sure. 



JJBT US LOOK AT THE SITUATION IN A 'PIECE OF idE. HOW DOES 
ICE- COMPARE- WITH LIQOID WATER? '' • 



tC: I<^is a solid and water is liquid.^ 



ERIC 
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T: WHAT KIND OF PARTICLES OR MOLECULES ARE IN EACH? 
Ci Water molecules. 

T: WHY IS THERE SUCH^A DIFFERENCE BETWEEN ICE AND WATER? 

C: In one the particles are held in place; in, the othe^wqter . 
• ^particlee are free io move about. 

T: WELL, V7E CALL THE FORCES THAT^HOLD THE WATER PARTICLES IN 
PLACE "BONDS". WHAT VJOULD HAPPES^st|' YOU PUT A PIECE OF 
• ICE ON A HOT PLATE?. ^ 



C: It would melt. 



T: W^IAT DOES THAT MEAN IS HAPPENING TO THE ::B-pNl3s WHICH HBEI!) THE 
WATER MOLECULES IN PLACE? . T'^ 



V 



C: The bonds are being broken. 

T: WAS THE ICE GETTING FROM THE HOT PLATE? 

C: . He(^ energy. 

T'l SO, DOES IT TAKE IN HEAT ENERGY TO; BREAK THE BONDS? 
C: Apparently . 
^T: AND WHERE^DJD IT GET IT? » " 

C: From the hot plate. . ' ^ 

T: WHAT HAPPENS IF YOU PUT ICE IN A -SAMPLE OF WATER? ^ ^ 

C: It melts. ' > * ' 

>^ , 

T: WHAT. HAPPENS TO THE TEMPEIIATURE OF THE WATER? - . ^ 

J? 

C: « It goes 'down^ ^ * . 

T: WHERE DID THE ICE GET^ITS HEAT ENERGY TO MELT? 
C : From the water its temperature went down. * 

Tt, NOW LET US REVIEW — WHAT DOES IT TAKE TO BREAK A BOND? ^ 
DOES IT ABSORB HEAT^ ENERGY2. OR DOES JT GIVE ' IT UP? 



C: 
T: 



Heat energy v 




to break the bond. 



LET US NOW LOOK J^f^/ DIFFERENT KIND OF SOLID. HERE WATER 
MOLECULES ARE STUCK ON, OR BONDED, WOT TO EACH OTHER EtfT 

1.35 m 
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TO MOLECUIiES OP A SALT, ^(a schematic of the podel on 

page 143 of the- Guide can be shown the chil-d) . DO YOU. \ 

REMEMBER WHAT THE BLUE VITRIOL L00KB15LI^IE? 




It was .blue. ^ 
DID^^IT LOOK AS , IF IT HAD LIQUID WATER IN IT? 
iVo, it looked dry. 

SO THE WATER MOLECULES WERE NOT FREE TO MOVE ABOUT, WHY 
DO YOU ;rifi[NK^ THIS IS SO? 

J guess they uer^ heZd in plaae by bafh^tSf as the ice was 




IF I ADDEtl HEAT ENERGY TO THESE BONDS WHAT- DO -YOU THINK 
MIGHT HAPPEN? 

These bonds would, also break. 

IS HEAT ENERGY ABSORBED OR GIVEN OFF TO BREaJc THIS BOND? 
Absorbed — that is^^ taken in. ^ ^ r 

'there are SOME NAMES^ USED' TO DESCRIBE SALTS WHICH HAVE 
BONDED WAT51R. 1lf "the child 'does n,ot remember the names,' 
tell him that salts wjith bonded water are called hydrated 
salts, and if the w^ut^e^t is removed v^e call them dehydrated 

.or an anhydrous salt. It is not essentia'l he remember the 
names but he Should be'aware of ^t,he propeii-ties of a "de- , 
watered" salt versus one with bonded water). » LET US 

^LOOK AT THE RETURN "TRIP". IF HEAT ENERGY IS ABSORBED TO 
BREAK A koND, WHAT DO XOU THINK IS INVOLVED IF WE PUT 
SOME WATER MOLECULES BACK ON , THE DEHYDRATED SALT? 

We have to form h^nds between the salt qnd water moleQuJ.es . 

IF HEAT ENERGY MUST ♦BE ABSORBED TO BREAK A BOND, WHAT DO 
•YOU THINK WILD BE OBSERVED WHEN A BOND FORMS? WILL HEAT 
ENERGY BE ABSORBED AGAIN OR BE GIVEN OFF? REMEMBER WE 
ARE MERELY REVERSING THE PROCEDURE." 

Heat energy should- be given out. *^"* 

AND WHAT^ DO YOU EXPECT TO HAPPEN IF. SOME MS^ECULES OF - ^ 
WATER COME INTO C&NTACT WITH A SALT WHICH HAD ITS ATTACHfeD 
WATER MOLECULES REMOVED.? (Use the schematic to illustrate 
this) 



The water molecules will stick to or bond to tJie places 
where they were before. " ^ 



T: THEN WHAT IS THE CORRECT RESPONSE TO THE QUESTION? (You may- 
wish to' repeaf'it with* its options. 

(A)'-heat energy is given off. " ■ ' 

T: AND HOW WOULD YOU KNOW IF HEAT ENERGY Wg^E GIVEN OFF?^ 

C: The sur^voundyngjs wouVd get^hot* 

.At -this point y ou Hmight wi sh to remind them of their, experience 
with the blue vitryLol. ^ When water was removed, it became white 
V^Jiei^ water was re-Donde4/ the blue color returned evic^ence 
of the re-bonding --^ and the tube became very Jiot- ^^^/^ 

/ 

Dialogue B : " - - 

If the child answered the item above inc'^^rrectly , he may ye^y 
iikely also answer an item such as ^(C) in I'ask II of Part ^ 
incorrectly. Based on the same reasoning pattern ^eve loped 
above and using ice as an Example of a solid, here is a 
suggested form of ques,tioning : - ^ ' , 

T: IN WHICH DO THE PARTICLES MOVE ABOUT MORE FREELY, SOLID 
•WATER OR- LIQUID WATER? ' 

C: Liquid. * ' 

T: 'WHAT DID IT TAKE TO MELTf ' ICE? ' ' 

C: Heat energy had to be ^ab^orbed. 

*■ ft 
T: WHERE IS THIS HEAT ENERGY AFTER THE ICE IS MELTED? 

C: In the partioles of freely moving liquid water. 

T; NOW, WHICH HAS MORE ENERGY, tHE SOLID ICE OR^LIQUID WATER? 

C: Water. * ' ' 

T; WHICH DO WE CIRCLE IN ITEM C? 

C: Its liquid. * ^ 

A similar disdussion with individual children can be directed 
to the other items' in Part Each item deals with the absorp- 

tion of heat energy 'or its liberation as l:^onds are either 
broken or formed, and the^orolla-ry -that the substances formed 
when heat energy is absorbed will then possess this addedf heat 
energy. ' ^ ' . 
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MINISEQUENCE IIL Screening Assessments 



PREFERRED RESPONSE 



PART JL 

1 . .B . 
2 . A. 
3. B. 



PARr 2 



. !• B, 



2. ^, 



3. A, 



4. A, 



5. B . 





3. 



1. 



4. 



COMHENTARY 



!• No comment (definition). 
2. No comment ( de f ini^ t ion ) . 



Since it *is but part ot the 
starch-iodine complex, the 
starch molecule must' be 
smal le r than the complex. 



Cells are* part of leaves. 
In addition, not all ving 
things possess Leaves. 

Crystal sKape is character- 
istic of a* particular crys- 
'tallizable* substance, 
although the size may vary. 

By definition, a hydrated 
salt is on'^whi ch contains 
bound water molecules, but 
not all salts are hydrated. * 

Copper' is one component of 

the salt cal led • b^'lue vitriol- 
(also called copper sulfate) . 

It is but one of the ^oms' . 
^making up .the blue vitried 

molecule . 

No .comment. 



ERLC 
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PART 3 



/ 



The intent of this group of questions is fo assess the children's 
awareness of 1) conservation of units----to account for ^all unfits 
even during an interaction interchange and 2) the mechanism ^ 
of the interchange, where units .i^erely replace each other or 
where units would be either gained or given^up. » In one sense 
these items can be considered as models of molecules A where the 
symbols within the structure representleither an atom ^r a 
^smaller molecule within a larger one. 



1. 



PREFEI^RED RJSSPONSE 

f 

% 




3. 



o,* 



4. 



5. 



o- 



3. 



4. 



14 



COMMENTARY 



Three triangles, should be 
drawn since three circles ^ 
were addec^ f'or the exchange. 
If only one triangle is in- 
serted over the question 
mark, the child has exchang- 
ed the proper shaped unit 
but is not conser\/Hng ^numbers 
of units. • 

Since all 4 circles^ar^ 
shown 'removed then tLere 
should'Be 4' squares within 
tlt^ large circle. 



Oniy 1 y\ is illustrated as 
exchanging with one Q ,^ 
there fore one circle should 
be shown as "freed". 

The * should be inserted 
in "a place for any, one of 
the 4 black circles. The 
res t of the structure remains 
the s ame . The operation 
represents single ^exchan^fe 
of a ^ ".etom" for a 0 
"atom". 

* 

Since 2^ squares are shown 
as Jthe ^'product", then all 
th/t is required for the 
xeiip.onse is to indicate 
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COMMENTARY' 



removal of tffe square "atoms" 
from the. original "mole^cule". 
The "preferred response also ' 
shows that lines to the ^ ^ 
squares are removed. In "the* 
models developed by the chil- 
drep^ th^e^e lines ^represented 
the "bc^ds" between uni t . 
particles. If the particle^ 
is gone (a/K the removal of \ 
the squares in this example ) 
then t^^e bond line should 
also be remove.d. Howeve r, 
not -all children ma>y indicate 
this. 'The major import^ is 
the removal. of the squares/ 
\f rom the model 




The irvNformation has been . 
given that a model of the - » ^ 
molecules in the blu«* solu- 
tion <^n ^be represented by 

^ — whereas the model 
of th\ yellow mpXecules iie 
represented/ by Q-rQ , 
MoLecules^ of salts contain 
copperja.re blu6 . Since 
als-o;appears in the yellow 
solutfon^^t must'stan<3: for 
tRe sul^flt^ jan'd 'the triangle 
stand,^ for tlve copper. In 
^B) th^ trianglfe- cannot 
stand^9f or iron since it 

r^r^fij^^s part of , some blue, 
HoTe cures . The phi Idreri 
have foundUthat wheA'iron ' 
took ^^V^nSace <3f jCfbpper, 
the hliSJ^^^lor/rcfisappeare'd.* 
(C) carybot be^co'rrect si^pce/ 
both th| circle and' the tri- ^ 
angle a re^ symbols for the 
molecules in th^ blue solu-- ' 

,tion, cuid fxbm their experi^ ' 
ence th^ copper does not p,air 
up with th^ iron to form 




■^COMMENTARY ^ 

^ ' ' , 

{ 

a soluble salt. 

One of the -interactions they 
have been investigating , 
whi ch identifies a copper' 
jsalt, is the displacement 
of copper *out c/f ^^g/dlution 
by iron. Copper will not • *^ 
come out of combination 
merely by filtering. The 
blue solutions of copper 
salts wilA go right through 
the filter. Nor can any 
copper "oe observed visually 
in a blue ^lution of- a 
c o pp e r salt. 

As in (2) above , copper salts 
are identified by their inter- 
action properties with metals. 
Although the experience noted 
in this item may not be part 
of the »eq\lence (but was pro- 
posed as an extending ex- 
perience) the children should 
be able to infer tl^at the ^ 
replacement interaction will 
proceed in th^^same manner 
as the iron with the copper 
sulfate. Since the metal 
will get used up, (as the 
iron in the nail did) a hole 
will appear in the pan'. . 
Actually the aluminuin inter- 
acting gaith copper ciiloride 
is very rapid and ta^es place 
with great evolution of heat 
ene.rgy. 



Dissolving does not-^hange 
composition. ' ^he same crys- 
tal shape should be obtained 
when the water e vapor^ia'tea . 

The c4%^nge /in crystal shape 
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COMMENTARY 

V'- would indicate that a sub- ^ 
st^ace of ditterent comppsi- ' 

* , tion (a different salt) was 
formed by. the interaction 
with the white powder, (A) 
is in cor i;'e ct since the cry s- ♦ 
tal 'Shape ^has onanged-- f rom * 
diamond to needle"- shaped. 

3. Th^ co*lo3r produced in a 
flame is characteristic of * 

* a particular 'pnit p^rticle-- 
whether in the free form, as 
^a m©.,tal, or combined with _ 
other units, or atoms, in a 

' molecule'. Since the flame * 
is still red, then*^ whatever 
cjiange occurred in the mole- 
cule , §s indicated by^ ques- \ 
tion 2, the unit responsible 
for the red' flame was^ still 

-^present i-n* the new jnolecule. 
Also, the-iUnit particle ob- 
^ tained in ^^^paXange from the 
white ^powder eitheif^.^es not 
produce a charact eristic 

» flamfe* oolor or the temperature 
of the sterno flame" is not 
high enoug}^ *^ ^/ ^ 

4 . (A) is e'xpe^c^ed as long as 

• some of* the metal wire is 
« 

* present. * The^ interaction 
will take pl„ace producing 
more of the green colored 
molecules. (B) is also true 
^since a substance different 
in properties (the green 

^^^l color) appears. Thus the 

preferred inclusive response > 
is (C) . ' 

5. Thi^ process is simlla-t to 
the exchange interaction** 
they have been investigating 
between the iron nail and 
the copper sy^ilfate solution. 
In that instance^ a modal o^ 

^the interaction -was dfiffelop- 
ed as an exchange 9 f iron - 



PREFERRED RESPONSE 



6. - B. 



J 



I 



8\ A. 



COMMENTARY 

v« 

units from the nail (atoms 
of iron) for copper, units 

in the bJLue vitriol molecule. 

s. 

6. The colors produced in a 

^I'^me are characteristic of 
a paj^ticuT^ar unit or atom, 
whether "free" (as" in a 
metal) or combined, as in^ a 
aalt/ The yellow flame coloii 
6f sodium ^uld be' obtained 
If met^lic sodium were heat- 
ed or if common table salt 
(sodium chloride) were tested 
in the flame. Thus, in this 
test item, if the f'l-Stme is 
no 'longer red, tjje atom (or 
particle in some children' s 
language ) responsible for 
that red flame is no long'er 
a part o,f the green molecule. 
It was probably replaced by 
the metal atoms in the inter- 
action with the wir^ (A) 
is- a complete distractor. ^ 
The combination of green and 
red colors would not result 
in purple. * ' " 

Since it ii suspected that 
the newly formed 'green mol- 
ecules have .just acquir'ed 
atoms from the metal wire, 
it could be inferred that 
the new flame color (purple) 
is a property of the metal 
'wire atoms. (A) should not 
be expected' since the original 
salt (before interaction 
with the metal wir.e ) made 
the flame red. ^ . «s 

It would b^suspected that 
tbe newly formed green mol- 
ecules as discussed above 
would ^Iso produce^reen 
cryst^s. The chilqren have 
observed similar^ results 
within the Activities when 
they obtai,nfi^/ blue crystals 
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PREFERRED RESPONSE 



PART 6* 



This part of the assessments 
teste for concepts c, f and 
g-; Task I tests for concept d; 
Task II, concept g; and 
Task III concept c. 



TASK I 



a. schoolium 

b . chloride ' 
c/ teachium- 
d. copium 



TASK II 



I* * 



"Y" should^ be placed 
ov^r t'eachium- sulfate and 
teachium in (a) • 
"Y^'~sho.uld' be placed 
over teachium sulfate and 
teachium in (c) . 



COMMENTARY 

from the^ blue solutions of • 
copper sulfate . (B ) The re 
is no, reason to expect needle- 
shaped crystals, (C) The 
color produced in th*e flame 
is not necerssarily assc^ia-- 
ted with the color of the 

c 

solutions. Thus .the sodium,, 
salts forming colorless 
solutions produce very intense 
yellow fl'amei^. In the flcime, 
however , these green crystals 
would isiake the flame purple. 



1. 



No comments. These are 
simple exchanges. ' 



II . 




II y H / 



If children pL^Tce a 
only over the(^ tecichium tnen 
they have m/ssed the poi^t 
th'kt the color of the flame 
is characteristic af tl:^e 
unit partri.cle (atom) whether 
boupd up witli o^ther un'its^, 
or^not. , ^ * ^ 
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PREFERRED RESPONSE 

"R" should be placed over 
copium and copium^ chloride 
.in ^Jtb) ; 

"R*'.' should also be placed 
over cop i urn and cop i urn 
sulfate in (c) and copitiih 
chloride and cop i urn in 
) . 



TASK III 



There should be 
placed next to : 
and (f ) . There 
be^a line placed 
(b) and '(d) . ' 



a square 
(a) , . (c) 
.should 
next to: 



COMMENTARY 



<2i 



The same comment appli'es 
to th'e placement of the 



III . 



No comments . 



Individual Assessment 

The activities within the Min i\seq^ence ^itself are rich vith 
experiences for the children. A review/ or a .repeat^ of the 
interaction properti-es investigated l^etween copper sulfate and 
iron is Suggested if ,the child has answered incorrectly items 
such As 2' and -3* in Pa^rt 4, and Parts 5 and 6.. Although coh7 
cepts other than those dealing with the interaction are tested 
in these parts, it is -this interaction concept which is para- 
mount.. Thus the present discussion centers around tjiis concept 
In addition, model buildin-g has bjfeen emphasize^ in the Mini-*'* 
sequence. The interaction mentioned above has-been used to 
deVelxrp ^he model of the^molecule §s be-i'ng composed of smaller' 
parts (at^^ms) / which parts can be exchanged one for/fh.e other. 
This idea *may have to be re-presen^ed and reviewed with those 
children who have answered Parts 3 and 6 incorrectly; 

The items in Part 3^ in particular, are an extension of the 
conce{)t of -representing "parts of wholes", and the interchange 
of the^ "pciiLs". The items are set up so that the child not 
-only must keep track' of th^ .specific particle .being exchanged 
(identified by a specific sy\nb,61) but also must^keep track of 
how many particles as ' a' one-to-one 'exchange is made. If the 
child has answered the question incorrectly, go over each item^ 
with him or* her, emphasizirtg both number and •sh*ape of the 
symbol. In item 4 be sure* there^ is only one exchange mad,e -- 
i.e., only one triangle is shown , as a "reactant" and only one ^ 
black circl'e as a "product". The triangle is /tt> be inserted, 
in any one of the four places occupied by a b]/ack circle. 



The rest of the model phoul'd be repeated as presented. 

For another • review, consider Part 5 with its 8 questions. 
Several concepts which were developed in a number of the Activi- 
ties are tested in this part of the assessment. Question 1 
deals with concept (c) and its corollary, concept (e) . The 
crystal shape obtained from a particular ' substance v^as used 
thrcJughout these Activities to identify the presence of that 
substance. If a chi,ld answers%tehis question incorrectly, re- 
introduce the experiences of Activity 1 and let him dissolve 
and recrystallize several times some specifig salts such •as'' 
sodium chloride, potassium chl^ide, epsoin salt and copper 
sulfate. The child should find that particular shapes will al- 
ways be formed from particular substances ; ' * • . 

If question 2 is incorrectly' answered, you can refer to' the 
"sameness" of the, crystal shapes from a specific substaince and 
re-present the experiences with the interaction hetweoA the iron 
nail and the copper sulfate. A typical line af question can 
then be pursued, as. follows': 

WHAT WAS THE SHAPE OF CRYSTAL OBTAINED FROM COPPER SULFATE? 

WHAT SHAPE^>^R!i^STAL WAS OBTAINED AFTER-^HE IRON INTERACTED WIT^H 
THE BLUE COPPER SULFATE? 

•WAS IT STILL BLUE? * . Hfc , 

WHAT ABOUT TiiE SHAPE?' " * . ^ * . 

WAS IT THE SAME SUBSTANCE OR' A DIFFERENT SUBSTANCE? 

WHAT IS THE EVIDENCE? (Color had changed; crystal shape was 
different) . 




If. yQU> feel it ff5sir\eable, have the children repeat the 'experi- 
ment as.'foun|^ in the , second part of Activity 3. 

Question 4, Part 5 is illustrative but not identical with the 
interactions they have been investig^ating . Again/ emphdsi-s is 
on the_ fact. that if the properties have change^, i,t is a signal 
that a different substance has been formed by th€ interactioji. > 

IF THE SOLUTION IS GREEN, WHAT WOULD THEY THINK IS THE COLOR OF 
THE DISSOLVED MOLECULES? (Green) ; 

WERE THE "GREEN" MOLECULES PRESENT BEFORE THE METAL WIRE WAS . 

PUT IN? (I^o)"'.b . ' • . ■ ' 



so, IT MAX BE A NEW MOLE.GULE . WHAT WAS D^ERENT IN THIS SOLU- 
TION THAT MIGHT HAVE MADE IT BECOME GREENW (The metal wire) . 

o 

THE GRfiEN SOLUTION RESULTED PROM THE METAL." ' IF MORE "GREEN" 
MOLECULES ARE PUT INTO THE SOLUTION, WHAT WOULD THEY PREDICT ^ 
ABOUT THE .COLOR? (It would get darker green) . 

WHAT ABOUT THE RESPONSE TO OPTION- A? 

IS IT CORRECT OR NOT? (Cprrect) . . ■ 

WHAT ABOUT B? IS THE "GREEN" MOLECULE DIFFERENT PROM THOSE IN 

THE COLORLESS SOLUTION? (Yes, definitely — . ±t is a different . 

color) . . ' • 

; ' ■ f ^ 

THEN IS B CORRECT ALSO? iY€s) ^ 

SO WHAT IS THE PREFERRED RESPONSE TO THIS QUESTION? ' (Jt must . 
C, s.ince both -A and B are correct). ' - " ^ 



V 
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MINISEQUENCE IV Screening Assessments 



PREFERRED RESPONSE 



PART 1 

SITUATION- I: 



2. 



The h. 


e • u • 


in* 


each 


sample 


are 






V 




. sample 


"A : 


30 


(1 X 


30) 


sampl e 


bV 


100 


(2 X 


50) 


sample 


C : 


40 (4 X 


10) 


sampl e 


D: 


60 


(1 X 


60) 


sample 


E : 


50 


(1 X 


50) 


sample 


F : 


140 


(2 X 


70) ' 


sample 


G : 


18Q 


(3 X 


60) 


sintple 


H : 


80 


(2 K 


40) 



The ^^aphs f qr the mixes 
for e^ch pair of sampTes 
should be: 

pair # 2 : 5 spaces .across 
an^:up to the 20°C line 



pair #3: 3 spaces across 
and up to between 60° and 
6 5^C 



pair #4: 5 spaces across 
an4 up to betv/een 50 and 
55^^C (52^C) 
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'15'i 




The mix for #2 contains a 
total of 100 h.e.u.; 5 mea-' 
sures of water and ther-efo^'re 
a T of 20°c. 



This mix contains a total of 
190 ,h.e.u.; 3 measures of 
water and therefor^' a T Qf 
190/3 = 63+°C. • 

This mLx contains a» total of 
260 h.e.u.; 5 it^easures of 
water and a^T, this, of 52°C 
(260/5) . . < . 



PREFERRED RESPONSE. 



pair #2: shade in squares 
on the graph for . sample D 
from 20 to 60^C. ^• 

pair #3: shade -in squares 
on the graph for sample F 
from 63 to lO^'C / 

pair #4: , shade in squares 
on^ tl>e graph for sample G 
fi^om 52 to 60^C 



c'ircle the samples B; 
E and G. 



D; 



The final mix is at a tem- 
perature lower ^han one of 
th^ samples . The effect of 
physically mixing the two is 
similar to that o€ trans- 

'f erring, heat energy through 
a wall,, jas in Activity 3. 

- As in the activity mentioned, 
the higher temperatujre sampl e 
has, in effect, transferred 
the shaded heat energy units 
to be distributed through- 
out the molecules of the 
lower temperature sampl e . 
The "evening-out" proc es s 
on the graph is in effect 
an averaging of th^ h.e.u.' 
amongst alvl the measured of 
water (see e.g. Mi/ii III of 
Grade 3 and th^ Mini II 
Water-Mix of Grade 4)-. 



4. These sampler's' are above 45®C, 
the melting temperature o^ 
the solid. 



5.. It is^only temperatAir e which 
(determines if a solid will 

* melt.. Some ohi Idren""^ may 

incarrectly select (A) since 
they are aw'ar e that he^t 
energy is absorbed during 
the melting proces's . How- 
ever, the temperature of the 
system must iDe above the 
.melting temperature of the 
solid. This Is an example 
of conservation of energy 
(all the h.e.u. are present 
in the mix) but also pf 
degradation of energy--it 
can no longer melt, the solid* 
The ene'rgy i§ available , /out 
at a lower temperature . 



Some mixes are a^t tempera- 
^tures lower than 45*^0. 
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PREFERRED RESPONSE 



SITUATION II: 



1. C 



2 . A 



3 . A 



4. C 



IS ■ 



COMMENTARY 



1. Heat energy depends on the- 
/'product of V and T The 
large sample of cool water 
has 10 X 10 = 100 h.e.u. 
The small sam|>l€t of hot tea 
" has jtl X 8'0- «= 80 h.e.u. 



Transfer of heat energy 
occurs from the higher tem- 
perature sample to the lower 
(no matt er what the heat 
energy content 'is) . 



^ Whenever two pa'rt s of a 

system in thermal contact 
• are at different temper<^- 
tures heat energy transfer 

^will take place until all 
parts are at the same tem- 

* pera tura /^unles*s heat energy 
is continually supplie'd . 
Some may incorrectly select 
(C) since the smaller sample 
transferred some of its heat 
energy J^to th^ cooler water. 
Also, if they had incorre»^t- 
ly* selected B in (2) above 
then tl^y, might select B 
here afcso, if theyhave not 
uhderst^ood the concept that 
wh^ le standing in contact 
temperatures will become 
equal throughout all parts 
of ^ system:. 



There is a physical barrier , 
although not to thermal 
energy exchange.'-^ The sepa- 
rati-n^g wall'i^ not the same 
as the semi-permeable mem-5 
brane they used with the food 
colors." Thus, the orange- 
colorec^ molecules of tea* can- 
not paa.s through the . glas s . 
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PREFERRED RESPONSE 



SITUATION ITJ^: 



1. B 



2. 



.SITUATION TV: 
1 . B ^ 



r 



COMMENTARY 



Ah stSLted above, heat energy 
transfers when 2 objects are 
in thermal contact and a 
temperature ^difference 
exists .between theiji. In 
this sil^Jj^tipn' Darrell.'s 
hand is ^Varmer than the bike. 
There wi^ll therefore 'be a 
transfer of heat energy out 
of his hand, which results 
.in the sensation of his hand 
^ feeling cool. (A) is a 
common misconception. , 



!. Since the metal is ^now at 
a higher temperature than 
Darrell's hand, the transfer 
will be from the bike to the 
h#Il<^*' T^ese transfers^, .(as 
in 1 above) 'take place read- 
ily with metals since they 

^ a^re such good conductor? of 
heat energy. In^this sec- ^ 
ond question, Da^rell's hand 
will feel very warm when he ' 
touches tfhe bike. As stated 
above, B is a common mis- 
conception . 



Both these situations are 
classic exapaple s used fre- 
quently to illustrate the 
direction of heat transfer 



> 



l.,Se.e all the prior comments 
on the direction of heat 
energy transfer. 
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• ^PRE^EllRED RESPONSE 



PART 2 



1. B 



2 . A 



3-. A 



4. A 



V 



PART 3 



1 . . B 



2..r A 
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COMMENTARY 



15a 



1. No further comment--th4s is 
a major concept developed in 
this Minis equence • 



Heat energy is conserved in 
mixing . This is . the basis 
for predicting the tempera- 
ture of mixes of water sam- 
ples, as done in Activities 
1 and 2. 



3. Based on their observations 
in Activity 4 . ' ^ 



As colored molecules move 
'(diffuse) away from the ir 
source; the color appears to 
be^ evenly distrfbuted 
throughout the region. The 
overall effect of such a • 
diffusion will be a 1 i.ghter 
color throughout the larger , 
*re''gion--iti^will be at a 
lower concentration. Simi- 
larly, in mixing hot and 
cold water, the mix will be • 
a^t a lower temperature than 
the hot sample. 



1.' Diffusion of the orange 
color'^d.mojecules from the 
> region of the tea bag take3 
time . 



2. It is expected that complete 

mixing or diffusion would 
' halve occurred in this time. 



PI^EFERJIED RESPONSE 
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PART 4 



SEQUENCE I; 



A oir the picture to the left 
Z, on the picture in the middle. 



SEQUENCE II: ' ' 

A on the picture to the right 

2 on the picture to the left OR 

'^A on the picture in the middle 

2 oA the picture to the left 



SEQUENCE III: 

A on the middle tube 
Z on the left tube 



COMMENTARY 



3. Although the 'odor will still 
be s'^trongest next to the 
fl'o.wers (th^'e source) / mole- 
cules possessing the sweet 
flower, odor would have dif- 
fused throughout the room. 
C is not correct. The 
flowers are still i,n the 
room, therefore the odor^ 
would be present throughout 



the room.. 



Molecules diffuse from re'gions 
of high concentration to low; 
they also tend to distribute 
evenly throubghout available 
"space^-uhless arb outsi&e 
agent removes or adds some. 
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In the first preferred 
i^esponse for this se^quence 
the higher conqen tration of 
"colored" molecules, stai;;ts 
off OUteide the bag. The 
middle ;would bfe impossible \ 
.since all the moliecules 
could not mov^» into the bag. 

In the second a'cceptalDle ^ 
response/ the right picture 
' is impossible in' such a se- 
quence since the molecUles 
would be most unlikely to 
go out of the bag complettely. 



! 

Again the. pair is chosen 
w.hich represents the net 
movement of molecules from 
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PREFERRED RESPONSE 



SEQUENCE 'IV: \ ; _ 

a) 3C"^on the graph to t^he right 



b) B ^ 

c) Dots should be placed at 
t-he same height as position 
3 .at the lined designated 
for positions 1, 2 , 4 and 5 



COMMENTARY 



a) 



) 



from higher ^o lower con- 
centration regions until 
the concentration becomes 
equal throughout the region 
This d<:curs even If it 
appears ^o go "against 
gravity" . ' 



The Jiighest temperature would 
be 'at position #1 — nearest 
the., source of heat energy.. * 
This situation is similar to 
'the measurements of tempera- 
ture along the nail which 
was hea-ted at orxe end with 
a candle ' (Act^ivity 7). ' 



b) the coolest plosition. 

c) Once the sourc^e'.pf heat 
energy m_ removed, the tem- 
perature becomes eq ual 
throughout^ the spoon . 



Individual Assessment - ' 

• 

For those children whjp do not meet the teacher * s * s tandards of 
performance on trKe Screeaing Assessments, we Suggest individual 
discussions ' of the items with elaboratidn of the commentary *on 
the preferred, and when offered, the al terna tiy^.respons es . In 
particular ,^ we suggest step-wise review of the items in .Part 1 
and the time-sequ.ences in' Part 4 with the individual child r 
No small-step dialogue example is .of f ered- f or this Minisequence . 
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MINISEQUENCE V Screening Assessments 



PREFERRED RESPONSE 



1 



SITUAT'ION I. 



1. Figure C 



2. Figure C 
J 

K 



SITUATION II: 



• and 0_jhould be inter- 
mixed, evenly in the 
middle with a greater con- 



COMMENTARY 



Di^^usion i? greatest in 
this tube. It could not be 
Figure B since M:he^blue food 
coloring molecul^^'sVould not 
all sink -down to the bottom 
but would spread throughout 
the tube , Even" if they had 
.Tseen placed in the bottom ^ 
of the tube, and gelatin or 
water carefully* ad^pled above 
them, with time all the 
molecules would have dif- 
fused throughout as pictured 
in Figure C, the preferred 
response * 

It could not be Figjires A 
or B since in these tubes 
all the blue food coloring 
molecules are concentrated 
in a small volume, either 
at the top or the bottom of 
the tube . In C the colored 
molecule^ are spr/ezi^ oyt 
over the total vo lum^rT 
Their concentration is less, 
although their numbers may 



be the same. Sii^'ce 
cent ration isiless, 
tub^e will appear to 
blue. 



the con- 
this 
be less 



1, After several weeks both 

red and bl-ue molecules would 
haye diffused Iphroughout the 
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PI^EPEI^KED RESPONSE 



centration of # abs the top 

and O near the botfltom; 



2. blbish ' violet 



3« purpde or violet 



4 . N 



5 . N 



6. • Y 



7 . Y 



B . N 



COMMENTARY 



bowl*/ bu-t there would still 
remain higher concentration 
of red neajr the bottom and 
blue near the top • 



see #1 above (blue plus a 
litt^le red) 



see *#1^ above (Roughly equal 
amounts of blufe and red) . 



4. Diffusion is a " spreading 
out" process; hence it-al- 
ways takes place in the 

^ direction of lower concen- 
. tration, whether or not this 
is in the downward^dir ec tion 



5. Our/concept of molecular 
movemeijt is that alJL, mole- 
cules move randomly in all ' 
directions. The net effecte 
df the moveiaent results in 
the observation of diffusion 
\ from a boundary layer,. See^ 
/ concept (f) . : , 



6. See response, to 5 above. 



7^^^^Conc ept (f ) again . 



It is just 'the' reverse. 
This is an extension of the 
concepts developed in the 
previous Minisequence IV, 
where both molecules Jand 
heat energy were observed 
to- transfef- from high con- 
centration or high "tempera- 
ture, f'egiotis to lower con- 
centraliioiv or lower* 'tempera- 
ture regions # 
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PREFERRED RESPONSE 



9. Y 

V , • .«i 

SITUATION nil 



IcokiJ — [•-•Lji 
4 © ^- — 




CSTAkT] 



i DAV Ip 



or C 




COMMENTARY 



9. See concept (f) and discus- 
. sion on 5 above . 



* ■ ■ ■ 

Follow instructions. *Mie 
ar r ows . indicat e the path. 



/ 



'Th% number-jDf steps to the - 
goal is the same. , The a 

prtort 'probability, of any 
of the four directifons 
(Forward, (F) , Backward (B) , 
Lef.t (L) or Right (I^) i^ ^ , 
the^same. Therefor^^ th3 * 
probability for each of the 
players taking- the shortest 
route i^ the same A Com- 
plete analysis of this -game 
is quite complex/ involving 
such things as^ probabilities 
of bein=g" om the edge^s where 
a player may" lose his ^turh.- 

.'For instance/ the fact that 
Dav4d is closer to the right- 
hand edge might result .in 
t\,is los-ing a turn.^ Bu^ this 
may^be offset by the higher 
chance that Peter ma^. lose 
a turn , even ' though his path 
is Straight, s^nce^'ini.tially^ 
he"" can move only- forward (F) . 



PREFERRED RESPONSE 



0 



I 

i . 



OMMENTARY 



If ' the child jj^erceiv^s: all 
the possible -complexitie.s of." 
thfe game, he or dhe may quit'e 
properly mark C. 



The result of any one spin 
^.s independent of, the. pre- 
viouai spins. This Is a 
basic^concept^n games of 
chance*, ?uch as spinners, 
introduced to Children^ as 
early as the Grade 4 teach- 
ing materials. % 



It would be Ihe. same for 
each play^r--two chances .out 
o^i four, or one out of two » 
would, result in loss ""of a 
turn , since these directed ' 
moves cannot' be ma*de« Hen'c^e 
the probal^llity of-^ach 
losing a 'turn can be ex- 
pressed aS( 1 .out of 2, or 
p (probabillt-y) = 



Peter can move in only one 
direction ; therefore he has 
3 chances out ,of 4^of losing 
€ turn., TBecasue of his' 
starting position he can' 
only move forwar(^(F) , • - 

As the players. make their ^ 
third move, they are in 
positions marked ^for the 
response to question #1 
above. In those positions, 
David will not lose a turn, 
since he can move in any pne 
of the four direction^. 
Thus we ca^ ^ay*^ his proba- 
bility 6f toeing a turn i^ 
'zero'. (p^ = 0). But Peter 
is at an edge and thus he 
has two chances (out of 
four) of losing a turn--if 
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his spin 'directs him to move 
^back g/t to the right. Peter's 
prob^ility of losing a turn ' 
is tnus 2 out of 4 (p = h)* 



1 1 • is' impos&ible to tel"! 
which ahild would he closer. 
As an estimate, David has > 
better chance of being 
cloisei: than Gene does, be- 
cause Gene has the greater 
risk' of losing % tui;n. , , 



This is the general principle 
that a large sampling , or 
many random moves, would 
result in an overall pre- 
dictable pattern. They * 
have observed this,, start- 
ing in Grade 3, with respect 
to sampling size. It was 
also Reinforced in Activity. 
Z, Where they observed 
uniform spreading of the 
children throughout the 
room, although each child's 
individual moves were random 
(dictated by chance stopping 
of the spinner). and could 
not be predicted. This 
"^sampl ing idea also emerged 
from the data *oa3 averaging 
counts from the Geiger 
c oun t er . 



* .9. 



er|c 



V6 



J 



The analog is not exact since 
molecules would not lose a 
rtura but rebound into^ an 
^available space after^ hit- 
ting a wall, etc. but it is 
close. 
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Looking at the grid, there 
are 10 suma greater than 4 
ou^ of a tot^l of> 16. Thus 
the projpabili^ti^ of getting, 
a sum gveatev than 4 on 
Rita's next turn' would be 
10 out of 1-6 (10/16 = 5/8) , 
which is greater^ than h. 



Each player's throv^ are 
independent of the other's. 
This is the sam^ case as the 
spinner in SITUATION III o-f 
Part 1. 



Looking at the grid, ,the sUm 
of 5 occurs more times than 
any other sum. (pw=*4/16 or 



4. S^m'e as response to; #2 above. 



5. Each throw is independent, 

as discussed in #2, no matter 
what the pre^^|^us throw was. 



Looking at the grid, a sum 
greater than 4 has the high- 
est expectancy* See respLonse 
to item #1 above. 



7. . As in getting a sum greater 
t'han 4 , getting a sum^ teee 
than six \al0o has a high* 
^^xpectancy. Loojcing at the 
^^^^r'^'^^gfid, there ar.e 10 possible 
\ sums less than six. * SChas , 
its probability would be 10 
out of 16' tp = 10/16 5/8) . 
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' \\ y ' ^ . ' |\' 

since e4ch ' player ' s throws Ir 
are independent of the | | 

other's|and of previous ^ \\ . 
thtows , 5 ther e is an equal \ \ 
chance that either one*wi^ll/| - 
win J:hersame^ number of plans'; 
Winning, of course , dannot ' - 
be predicted * for any given 
individual throw--but the ' 
overaJLl average effect will 
be than each one should 
have the same nurfber of wins. 



See the grid'. There are 
f oSin: pos s ible sums yielding 
5 aitd only two possible sums 
yielding 7. Thus , over a^ 
g series of thVows , the 
ults should reflect the 
oretical probability, 
grade 5"children confirmed 
4 theoretical pr edictiorjs^ • 
on proji^ble throws of a pair 
of dice and found that the 
data did eventuaLly reflect 
what,wai^ predicted from the' 
grid. 




10. The greater the number oJ 
' t'^rns , the grefitter is the 

chance that any possible 
value, even though it can 
result from only one combi- 
nation, will^ occur. Of ^ 
course', as stated in the 
commentary for #5, ones, can- 
not predict a spec if ic Value 
for a' particular thrower 
pair of 'throws in advance. 
One can only predic(t the 
probability for that sum. 

11. Although the most frequent 
value (the mode) in A ^s 
the .same as in Mv th-e* spread 
is a bit small . T-he "range 
depicted in B seems more 
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reasonable.' Also, the most 
frequent value is close to" 
5, a value one should expect 
But this -sample size is 
orather small, land the data 
depicted in either -A or B 
could easily occur in these 
few chance ev^^t s . 

The larger the number of 
chance or random events the 
more order 'will appear in ■ 
the total collection, as 
seen in a histogram of the 
• data. These ideals were 
expa.nded upon in Grade 5, 
Minisequence V; see- concept 
(c) . 

The 101 to llOtj^tfet' of 
throws is indepMident of the 
first 100 sets. Contrast 
the situation here with a 
sample of only 10 pairs of 
throws with the response to 
#12 above with its 100 pairs 
of throws . See comment #11 
\ regarding^ sample size. 



1. 
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Chance is the most Reason- 
able explan'kt i6n . 



This.*is .but one exampl^e of 
expected variation in 
measured data (variability) . 
(a) cannot be so, either- 
fi^TCi sampling theory or ^om 
actual observations on rain- 
-fall. (B) is ambiguous* 



Of- course, (A) cannot be 
considered. And '(C) is 
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B False 



C True 
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inadequate since, ba^ed on 
expected variability / the 
average may not^ be rfepra^«--^.*> 
duoed in a particular square, 
(P) is the best response 
accordin*^ to, experimental 
* standards ahd also corre- 
sponds' to the . U,S • Weather 
Bureau ' s recommendation . 
I- ' 

*A apd C; cor>'t'radic t ' bo th the 
description of the storm 
and the' concept of expected 
inherent variability/ or ^ 
variations/ in da'ta. 



(C) cannot be true since / 
again/ because of inherent 
variability^ the pattern of 
rainfall will not be expected 
to be iden4:ical in all sec-'^' 
tors'. /The street response, 
B / takes into account the 
descrip'tion of what, happen- * 
ed in ,the storm as it pro-^ 
gr essed atnd of expected 
variations in the c'bllected 
dat^. f is an unlikely ^ 
situation/ since such regu- 
larity is n^t to be expected. 



A. See above discussion on 
expected variability in the 
rainfall . 

B^j^\!^^t'^gain / expected varia- 
hiiity|in the results would 
pr eclu'de,4..the ' truthfulness of 
%his^ statement, o 

C . Sinjbe^^ the ^ highs and lows 
^re eve.ned-out when an aver- 
age is calculated/ compari- 
sons of aver^^ge.Sr. will show / 
less va'r ia ti^<Di^ s . • 
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SEQUENCE I: 



2 should .be placed on the 
picture in the lower left; an 
on the picture in the upper 

r xght • ' J A 

1 



COMlSiENTARY # 

A single set of measurements, 
as port|:ay.ed by the dott}^d, 
lines on the histogram, 
would exhibit more devia^ 
|:ions f|roni»the average than 
depicted in f iguU'e #2 . ^'he 
data int#2 shows- too much 
^greement^ between the 6xve 
set of jneasur ements and 'the 
averages of att the ten 
gauges positioned at dif- 
ferent locations in the _ 
field; 



The lower left picture of 
the black and white marbl es 
show*s ."fi^he g;reatest degree 
of "mixrng" of the two types 
of marhTes. This lerast 
amount of ovder is most 
likely '{probable ) after 
long-term shaking. The 
upper right exhibits a 
moderate amount of distri- 
bution of the black marbles 
With the' whites. ffhus it 
is select ed for that desr ip- 
tion of trie situation after- 
half the length of time* 
The upper left picture ex- 
hibits a very high -degree 
of order^ in the distribution 
of the black marbles. Thus, 
it would be least .likely *to 
bfe. expect ed^^b^y random move- 
ments of the marbles on the 
shaking table . 
The initial picture shows 
a high degree of oifder ih^ 
that all the black i][iarbles 
%re Bunched together." The 
lower right jSicture is only 
slightly jiifferent. There- * 
fore it should not be se- 
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righfe. 
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lected for a'most likely 
arrangement after shaking 
for a long time or even 
"half -tl-me". unless the 
table w^r'e tilted in that 
direction/ Chah-ce movement, 
of course, would not pre- 
clude the possibility that 
uniform; arrangement or 
c lumping of marbl es might 
show up at the end of the 
sequence ,but this is con-, 
sidered unlikely; J:hat is, 
,pf low ''probability , but not 
impossible . 



The upper left is impossible. 
A solution of blue vitriol 
would not layer in the middle 

•of wat^r. It is most likely * 
t-hat the seqtience starts with 
a pool of blue Solution ^s 
shown in the upper right. 
The compl etely diffused 
state as shown in lower' 
right is most likely last 
in the sequence. If a layer 
forms from the pool, depicted 
in the upper r ight , , then^ the 
lower left is a possible 
middle picture for the se- 
quence. However/) this ques- 
■tion was not asked; and dif- 
fusion out from the pool of 
that marked /l^^wjpuld probably 
not result in such a uniform- 
ly distributed layer 'but 
would start to diffuse up * ^ 
as well as s ideways from the^ 
pool. 
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Individual Assessment ^ 

No small-step'^ dialogue example is offered for this Minisequence , 
because of the examples for previous ♦linisequences (I, ir & III) 
and the very detailed discussions in the commentary for the 
Screening Assessments in th^ above ^Scoring .Guide . Depending 
on the particular items an individual child may hdve not met 
your performance expectancy, you may wish to re-present the , 
itejns as, you discuss his or her responses in detail with the 
child. ' ' ^ 
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1. C 



2. C 
30, A 



1. ,The potential energy tP.E.) 
of an object depends only 
on the" work required to get 
.it to a p^r*ticular position. 
Work to lift an object is 
ope rationally de fined as 
the product of i the weight 

of the object I'the force 
required\a lift it) and 
the di standee lifted.' It 
^-• d6es not depend on bow the ^ 
object arrived ac a par- 
«ti cular pos i ti on.; ' 

2. See comment for (1) abovei^ 

3. The work pe'rformed by The'o 
on the ball (5 x 20), is * • 
more than Diane performed 
on the brick^ (10 x 5) . 
There fore , the ball h^s 
mo-.re P.E. since it was 
lifted higher., even though* 

*it weighs less than the 
brick. 

(B) is^^incorrect since the 
, P.E. o^ the brick is only 
10 X Sj = 50 units . / ■ ' 

however. Diane h'S^ l(i-f<ed 



three 



(S3 X 



b>rcks , using 
10) ' force - uni'tfe 




to lift, 

n,Diane*s group of bricks 
wou^k' now have a R.. E . of 
150 (30 X 5) even though , 
Theo's* ball .was lifted higher 
The" work to lift, and thus ^ * 
the P.E. of "^n object, . 
depends pn the product cff 
total weight and heigh;c 
lifted. „ * ^ ^ 
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!♦ In mechanical systems, pa'r- 
ticularly where parts rub 
against, or mov^^ over each 
other, there will be 
friction resulting in tha 
pro.duction of some heat 
energy at the expense of / 
some mechani cal energy . 
Thi^ inefficiency of the 
mower will result in less 
wc^rk output. 

2. See comment -above. 

3. Lubricating by oiling metal 
parts'will reduce friction 
and thus reduce the* amount 
of • mechanical Energy con- 
verted to heat energy. 

(A) is not an ^cce^ptable 
response since^ changing th^ 
size of the machine will 
not r^cessarily reduce 
f r i ction . 

4. Once the bob ^-'^s raided 

. (qiven some P . E^. ^ and then 
released. it will start to 
swing. ' If the^re is no**loss 

^in mechan^ical jene^rg^^ due to 
friction then the poh will 
continue to swing- -h^ver 
stopping. 'Of course^ our 
real world is not a trie- 
tionless one. and so* a bob 

^ would eventually stop 
swinging . 

(A) describes what would 
occur in, our real world. * 



\ 



Since there is, no '*loss 
mechanical ^energy due to 
fric"tion, (A) is true. ^ 
(C) cannot be true be caus^ 
'that implies tliet_ the bob 
is gett;ing more energy. , , 
This is impossible unless 
an outsldec ^gertt supplied 
it. ' 
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See resppnse to (4) above, 



This position is 
greatest height. 



at the 



At the lowest position (B) 
all the potential energy 
with respect, to thfs posi- 
tion has been converted tor 
kinetic energy (K.E/) . 
Thus maximum K.E. is at B.. 

(A) and (D) are at about 
the same heights above the 
ground . 

He will be moving the fast^ 
est at that position where^ 
he has maximXim K.E. (See ^ • 
r.esponse to (2) above . )' 
Some children may reason 
that at position (C) the* 
swing is moving up to JD) . 
In order to get there the 
swing has to be'moving 
somewhat rapidly." But at 
position (Ci , which is high- 
er than (B)i part. of the' 
K.E. the swing had at (B) 
would have been conveorted to 
P . E . (C) is thus an incor- 
rect re spon se 

At (B) ^he is moving most 
rabidly (see aboVe) . ♦ At ' 



(C) he is 
to (D) 'or 
from (D) . 



either moving up 
is fomin^g back 
He is moving less 



rapidly than at (B) . How- 
(ever"* at* (A) / one of the , 
highe'st positions of the 
swing, he is either moving - 
most slowly preparing to. 
teverse his direction or has 
stopped completely before, 
he descends down to (B) again 
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6, As discussed above , in 
moving from (B ) to ( C) 
'Mor ri s ^nd the swing are 

gaining P,E. at the 
expense, .of K.E. Thus they 
will be slowing down/ 

7. See coinin^*rl?ary for -^xe^sponse 
to Part 2'j_ question 1. 



8. 



2. 



Since friction will be 
mainly^atthose points, and 
since hea% en« rgy is pro- 
,duc£d during the rubbing, 
the temperature wij.1 rise. 

Position (A) being higher' 
off the 'ground than (E) , 
means that Morris would be 
startling off with^more P.E. 
and thus colliding with 
more K.E, when he ar r ive s 
at' the box at (B) , than if. 
he had started from ,(E) . 
The .greater the K.E/ on 
collision, the farther the 
box can be moved . 




Since *Joe swings, his bat 
faster, it imparts, moire 
t.o the ball resulting in 
Joels h^all moving more 
rapidly.' 

(C) cannot be true since the 
moving ball a^cquires its 
K.E. from the impact, with 
the mto^i-rig bat^. 

^The ball is completely i 
stopped.ii> the glove . Al 1 ; 
its energy (kinetic) ^s' 
trans ferred into hea^ 
energy.. .as the children 
discussed in Activity 1. 



COMMENTARY 

* 

In (A) the frictional ? 
effects a's the'^'^JTr^^'-ia^ves 
through the adr are 
minimal compart a ^ 

complete converts of xi^he 
K. E. as rioted abov^. 7 

As was observed with - 
bouncing balls in Activity 1> 
the^ ball rebounds with less 
energy after colliding ,wlth 
the floor. • Thus t-he bourice 
would result in the bally 
coming to the catcher with 
less K.E. — to be' 
converted to heat ^energy 
when caught. ^^^^ 
(B) is incorrect. Actually 
bouncing would warm up the 
ball — very glightly 
^s well as the surface on 
which it bounced. 



If there were^^.^ friction ^^^^ 
then all of .the.p'.E. /t' the 
top 'of the slide (100 units) 
would be converted to 
Bobby's K.E. as he left the 
.slide. However, ^ince it 
w'as stated th^ he iioticed 
his jeans became warm, it 
indi cates that some 
mechanical energy has been 
converted to heat energy due 
to the rubbing /ttrtion ^ * 
between Bobby and the slide. 
The remaining energy with 
which he leaves the slide 
must therefore be, less than 
the 100 units. 

Using a' slide which is" ' 
twice as^^high means starting 
off a*t the top with twice 
as much* P.E. There would 
still be sofae losses due to 
* friction when he leaves at 
the bottom. / 
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But. it. can be predicted 
that he would go/ o f f with 
. abbut twice! the K^E. as 
before, esp'^ecially since the 
slide is not as long^ 
(a) cannot be correct since 
the K.E. cobes only •from 
the initials P.E. ( Iteducing 
friction by, applying wax 
cannot 'double, the K.E. but 
would certafLtjly increase it. 



Her e , of 



wax 
and 



wi 11 
thus 



course, rubbing on 
reduce friction 

the amount 



reduce 

of heat e'nergy produc^ed.^- 



Conservation, or accounting 
for all the energy, would' 
, indicate that, starting with 
5 0 units and endingywi th 
4 0 Uni'ts m.^ans that 10 un i ts 
have^>t)Qen' converted^ (by 
frictiona^l' e,f feots) to 
hekt: *• energy . 

Kb ^-in t4;i^ analysis of 
pendulufn swings , '^t the 

' bottom of the swing there 
is miniitrum P.E. but maximum 
K.E. It will be moving 

* most rapidly . 

*As stated in the de s ciriptfion 
of tile situation^ the ball 
starts off at (l') with 50 
uni'ts of "energy. Since it - 
is moving at (3) with 30 
units of energy, and since 
at (3) it has all its 
mechanical* energy in the 
form of kineti-c, then it 
can >be deduced thcit the 
difference, 20 units, is in 
the forth ot ^^^^ ene-rgy 
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*p3^oduced by fr.ictior) bet^ween 
,the ball and coaster 
surfaces . 

Since position 4 is at 
about half the height as ^ 
position 2 f ;Lt is logical 
to conclude that the ball 
has abou-t half the potential 
energy at position 4 
' (40 units/2 = 20. units) ♦ 
Th^ ball is not moving, thus 
all its energy is potential/ 
The difference from the ' 
^^tarting mechanical energy 
50 unit§) would appear as* 
heat energy produced, by 
friction. A is the correct 
response, , ^ » 

(C) , cannot be correct. 
There mrust Se some 
poten tial erierqy since thre 
-ball at' #4 is still on the 
•slope. ' Some may incorrectly 
reason that -all the energy 
(the 50 unitg) is in the 
form of heat' energy since | 
the? ball" has stopped rolling^ 
for the moment. But at ^ 
po^sitioni^ #4 can still ^ 
rollv- down. It is only when 
■ the ball| coirves tc^ a comple'te 
rest (at. the base of the 
coasterjl that all its 
initial mech-anical epergy 
has-been 'converted , to 50 
units of '-heatr^ene'tgy . ^ 



Individual* Assessment 

I ..... 

The concepts ^deve^loped in t^ils Grade^,6 Kinise-que-ncfe^ ai^e an ^' 
extension of those in ' Minisequence^. II .of Gra(ae 5. Potential ^ . 
'energy and kinet^.^^ -energy , alojrig with their Interconv^rstions 
and interr^'lationships , were introducj^d^in , th^* earlier ' grade ^ 
FOt those children who have scored pooriy^ on items directed td 
the concept of th^se f orms^ of mechanical energy, as ' presented , ^ 
e.g., in tart I'and Part 3 UtefSs^l through 6)'^ review o^f the 
^assessments in Grade 5>would be helpful. ■ 
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As the Grade r6 acti vi t'i.esM deve lop , emphasis is also directed 
to the conservation of ineobanical energy in these inter- 
conversions that.Vis,, • the children* sl\ould be developing some 
sense of accountability of the energies. 

The example of a review disdussion directed tcijthese ideas of 
accountability is based upon the, child answering incorrectly 
question 5 of Part 2 and Situation III Parst '3. There^are 
two . small;- step dialogues provided,. ' Again^ be r emindedi that 
these dialogues are merely* illustrative »of what you may pursue 
with a';ctiild who has not shown» mastery. ^ Individual differences 
armongst children may require different apprpaches. The first- 
small-step dialogue i^s concerned with questy.on 5 ^f^Part 2. 

Dialoaue A: ^ * • , - ^ ^ * 

• < *' 

T:o WHAT DOES IT TAKE TO RAISE THE BOB OF A PENDULU^? \ ' 

C: Work. - ^ . 

T: HOW WOULD THE AMOUNT OF WORK BE MEASU^D? . 

H f ; • ■ 

C: , By ,the diatanoe'it is ' raised. ' v 

Ti'^ ANYTHING ELSE? ' : , 

C: How heavy ^t ^8. 

- ' • / 

T: DOES THE BOB HAVE ANY ENERGY IN THIS POSITION? 

C: Yes. ' ' " 

" • . I ' « 

T: HOW DO YOU KNOW? . . * * 

C7- Welti if I I'e.t it go it can ^wing dtw.n. \ 

■ " ,'1 1 . ^1 

1' • 

T: BUT IS SWINGING DOWN AN EXAMPLE OF ENEIRGY? ■ ' ' — 

Ci- 'l/eli^ if something moved', we say it'-' hae e-nergy pf motion. 

T: BUT WHY DO WE CALL\IT ENER^? i . , 

C: Because if so'nie thing were put in it^ way it ooulji 'mak^ it 
» move'-- it could \d'o work\on i't, ;' . I 

T: THEREFORE, WHEN THE BOB IS UP AND NOT MOVING, WHAT KIND OF 
ENERGY DOES IT HAVE? . ?** ' 

i ■ • ' ' : ^ 

C: It' has the possibility of getting kinetic energy.' ' ~ • : 

T: WE CALL. JT POTENTIAL ENERGY WHEN SOMETHING IS LIFTED UP AND 
HAS T?HE POSSIBILITY .OF GETTING INTOiMOTION. 

•174 / . 'i ♦ , 
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T: • WHAT HAPPENS A BOB AFTER IT SWINGS DOVm? 
C: It swings -up to the other side, 
T: WHY DO YOU THINK IT SWINGS UP? 



) - 



C: It Was moving and was h^ld on the st'vi^ng^ so it swings up, 

T:, WHERE WAS IT MOVING THE FASTEST?- • ^ 

t . , ~ ^ t' • ' ' . 

C: At the bottom of the swtng. • 

T: WHAT HAPPENS TO THE KINETIC ENERGY AS. IT MOVE^ UP ON THE 
OTHER PARTi OF THE SWING? » . 

C: I'm not sui>e » ■ ' 

T: DOES IT MOVE AS FAST? 

C: ; ■" . ... 

T: HOW DO YOU KNOW? " ' 

C: ' It $top8 ev-entudlly on the other side — so I guess 4t 
'Stows down. • ' 

T: WHEN DOES IT STOP COMPLETEJ^Y ON THE OTHER .SIDE? • . 

C: When it comes to' the top of t'he swing. 

T: ■ DOES IT HAVE KINETIC ENERGY THERE?. 

C: Not if it Is not^ moving. 

T: BUT; AT THIS SPOT ON THE TOP OF THE SWING WHAT KIND OF 
ENERGY DOES 'IT HAVE?' OR HAS IT NONE? • * 

^C: I'm.mot to6 sure. * - ' ' i^.' ^ 

T — i ^ ■ ' - 

-Tz' let'' US LOOK AT THE SITUATION.- THE BOB WA^ ^MOVING — IT ' 
"MOVED UP TO A CERTAIN HEIGHT.. IF I^JiE'? JT ALONE IT 'WILL 
SWINC DOWN AGA^IN t-- ^0 WHAT ^KIND OE^ ENERC?Y*DO^S IT HAVE AT 
; ' THE TOP? (tqu might use the schematic of swings as^rlntro- 
duc^^d in the Guide ^on page 438.) ^ . . 

C: It Willie potential energy., it^ s been ^raised (lifted) u^^^ 

*'T: if ALL THE .KPNETIC ENERGY IT HAD AT THE BOTTOM WENT «ACK 
TO potential', HOW' high WpULD THE BOB^GO?" ^ ^ 

^ " '* 

C : " As high as it lias released if'all the original potential 
en'ergy went, into energy of moiion. • ' " 

— • • ■ ' ' ' ' ' • { 175 
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Ts NOW IN THE QUESTION ASKED, WHAT WOULD BE THE' RESPONSE? 
' 'REMEMBER THAT IT SAID THERE WAS NO^ I:RICTI0N. ! 



(4) would be the anav^ev,^ 



WHAT ^ MIGHT HAVE BEEN THE /ANSWER IF tHERE WERE FRICTJEON? 
Friction ^y)here? ' / ^ 

WHERE DOES FRICTION USUAl4j:iY OCCUR? * ^ 

When a hall bounces? ^ • - . r 

WHERE ELSE? ' ' ■ ' 

When I rub , some thing? • ■ ^ 

YES. WHENEVER TWO THINGS RUB AGAINST E;ACH OTHER^^ SAY 
FRICTION^ IS INVOLVED. WHAT DO YOU OBSERVE WHEN YOU^ RUB 
^THINGS TOGETHER? LIKE YOUR HAI^DS? 



C: They get Warm.. ' 
•T: AND WHAT THIS AN EVIDENCE OF? 
C: . Heat energy. . ■ 

T:' SO IF SOME MACHINE HAS ^^dBBING' PARTS , WILL > ANY MECHANICAL 
'. ENERGY BE COl^VERTED TO HfiAT ENERGY? 



t 



C: Yea^ if there is friction. . 

T: THEN IN THE PENDULUM WHAT WOULD BE RUBBING? •/ 

C: ^he only things would be the string at the top.' / 

T: CO,RRECT. AND IF THERE IS FRICTION I^RE, WHAT MIGHT HAPPEN 
TO TtJE POTENTIAL ENERSy 1WE GAVE THE BOB WHEN WE R^SED IT 
AT THE START? . - " . . ' 

C: ^ome would get used-up in the friction. 



•.Ti 



.1 



UNDER THOSE CONDITIONS -(WHERE FRICTION. OCCURS) WHAT WOULD • 
BE THE RESPONSE — THE SAME HEIGHT OR A LOWER HEIGHT?. 



''Lower height — it would have lesf potential energy,' 
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Dt)s(logue B: ■ • . ' ' ' " 

■ -'^ . ■ ■ 

Tj^OW let us LOOK.'AT situation III, OF PART 3. IT IS VERY ' 
SIMILAR. WHAT KIND OF ENERGlf DID BOBBy HAVE AT T^IE TOP' OF 
!I}HE /slide?" (You" may wish to. read the situation again to 
' the child.) . * " ' ■ , 

C: Foifentiat. ' "^y • . " • 

T: WHAT KINb Of' ENERGY Di*D HE HAVE .AS HE ^SL'ID' OFF AT THE 
.BOTTOM? / " ' ' V 

T: IF THERE WERE NO FRltt?ION* HOW MUGH. KINETIC ENERGY WOULD 
HE HAVE- AS HE LEFT THE SLIDE?: " ' - - 



C: Kinetic energy \~ energy of motion. 



C; ' 100 unites'-- a.s much as the p'otehtiat.' 

T: COy-I^ THERE BE ANY "LOSSES^;'? . WAS THERE "ANY RUBBING OR " 
FRICTION? . /■ \ ■ ; • ■ . 

• ' ' \- : •• 

Yes, it said that ■Boly-by ' s. iparitsj^elt warmi . 
T-: ViHERE WAS THE RUBBING? , " / ' \ \ ' ■ , • ' 

C: Between the seat of his ^pants. and the surface of tker slvde 

/ :\ \ ^ ' ^' '"'^ ' - 

T: SO COULD HE LEAVE WITH l^p .UNITS -OF KI«ETIt^' EIJERG?? ' 

Q:. Mo. \ • .-^ . : ^ ■ ^ j- 

T: WHAT WOULD BE THE CQRRECT."RESP0N'SE TO THIS" QUESTION *hlEN? 

C: . It must be (B'). • ' , ' ' ^ ' ' . - • 



'1 >» 



1 '. 



Ai' WHAT HAPPENED TO THE ENERGY .DIFFERENCB? QID, IT JLST . • 
^ DISAPPEAR? . Z"- ■• ': 

No J It wae^in the -farm of hea.f erve^gy ; formed ^VQm th^ ;■- . 
\ rubbing. ' ■ ' ^- ' - ■ .~ -* 

•i * • ■ ■ 

T: IF WE GAVE BOBBY MORlg POTENTIAL ENERGY JOkSIJART WITH,. HOW 
^ WOULD THIS AFFECT^OW MUCH KINETIC rENERGY HE.. WOULD HAVE • 
1 ''/when he LEFT THE -SLIDE?- ' ' . > • " *' ' .■•*• 

J . : • ., N • ; - . _ . 

C: ' He' would have more- kinetic energy. '■ '.< '\ ^ [ 

T: HOW €AN WE INCREASE HIS, • " ; ^ - . 

C: ''Gi/v.e him a push? • • ; 



T: \mAT DETERMINES "POTENTIAL ENERGY? (A P6SH OR THE HEIGHT*^ WE 
^IFT ^SOMETHING? ^ ' ^ ^ \ 

C: A push ^ets it moving so I guess the push gives ^t kinetic^ 
potential energy depends on Jiow high it is lifted so Bobby 
would have to go higher to have more potential energy . 

T: 'SO COUL'D .(B) BE JHE CORRECT RESPONSE?' ^ . 



C: No, .be-cause there we say th^^li.de is nc^,as high. 

T: ^ WHAT IS THE- CORRECT RESPONSE? " ; 

^ f ' * 

C: It. must be '(C)... %t^s only^ .there that tjte slide will'be 

^ much higher. * ^ 

T: ,NOW, THE LAST QUESTION. WHAT MAKES HIS JEANS WARM? 

C: Friction. - ' « 

T: HOW DO' WE REDUCE FRICTION?- ' , ^ 

C: By reducing the vubhing action. '' ' ' ' 

T: WILL LUBRICATION DO THJ3? 

C.-. Yes. ■ ' ' , ^ ■ 

T: WHAT 'SUBSTANCES MIGHT " LUBRICATE OR SMOOTH THE RUBBING 
SURFACES? , • 

C: I assume the wax tha^t^s menpi^oned in (A). 

Trx COULD (B) BE A POSSIBLE ANSWER? ' ' ' ; - . 

C: 'Going down rapidly doesn^ t , lessen the rubbing,* 

T: SO WHICg IS THE-^CORRECT' RESPONSE^?, ( t 

C: It must be (A). ' , , ^ ' ' » 



• • 
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Name : ^ Page A 



1. WHEN JANICE EXAMINED A ^INCH OF SOIL WITH A MAG^JIFYING GLASS SEE . 
FOUND SMALL PARTICLES OF MATERIAL THAT LOOKED LIKE. FINE SAND. WHIS^H OF 
THE FOIjLOWING BEST EXPLAINS HOW THE PARTICLES MAY HAVE BECOME VP-ART OF " 
THE SOIL? . % \ ■ 

t . 

• A. THEY WERE PRODUCED WHEN ROCKS WERE BROKEN UP. 

b. they came from liviing things' in the soil, 
c'. they were always a part of the soil. \| 

2. in certain places rofcks are covered with green crust-like plants 
caliled lichens* if you removed a piece of the crusty lichens from a ^ 
'rock, what^ would you be most sure to find underneath it?' ^ 

« 

A. OTHER SMALL PLANTS. 

/ 

B. ' SMALL PIECES OF r6c«S. 

C. SOLID ROCK. 

3. ROCKS ARE -FOUND ALL OVER THE EARTH. THEY ARE FOUND IN PLACES WHERE 
THE RAINFALL IS HEAVY. THEY ARE FOUND IN PLACES WHERE THgRE IS VERY 
LITTLE RAI>^FALL.., WHICH OF THE FOLLOWING BEST^^DESCRIBES HOW ROCKS IN 
PLACES WHERE THERE IS HEAVY RAINFALL MAY BE DIFFERK^T FROM^ ROCKS Il5 
PLACES WHERE THE RAINFALL IS MUCH LESS? J ^ 

' A. SINCE ROCKS ARE VERY HARD THERE WOULD BE LITTLE DIFFERENCE." 

^ Pi' WHERE RAINFALL IS LEgg CROCKS .WOULD BE DARKER. ^ # * ' 

C. WHERE RAINFALL IS HEAVY ROCKS WOULD HAVE WORN" AWAY MORE. 

4. IN SOME PLACES THERE ARE MANY LARQE ROCKS IN THE SOIL. WHICH OF THE 
FOLLOWING BEST DESCRIBES WHAT IS HAPPENING TO SUCH ROC^? 

A. THEY" ARE SLOWLY BECOMING -SMALLER. . '■ 

B. , they'' ARE SLOWLY BECOMING* HARDER. ^ . ; 
^^-Q'.' THEY 'ARE SLOWLY BECOMING LARGER. - ~ " ' . 
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5 TWO S)SMPLES OF SOIL ARE', EXAMINED' BY SOME CHIlArEH.. ONE. IS A "SHT- 

IN THE SOILS? \ m " I 

•A. ^.SOILS ARE MIXTURES^ OF Lrv^NG AND -NbNLIVING MATERIALS. ^ 



''' B. '.SOME SOILS MAY HAVE MORE MATERIAL FROM LIVING THINGS IN THEM 
THAN OTOER SOILS. 

' C. • SOILS ARE FolblED BY THE INTERACTION O'F ROCKS WITH THEIR , 
- ENVIIIONMENT . * ' 



Page /a ^ ' 



1. MORRIS AND LOIS EXAMINED TWO SAMPLES OF SOIL. ONE WAS LABELED 
SAMPLE A AND T^E OTHER SAMPLE B . SAMPLE A WAS A DARKER COLOR THAN > 
SAMELE B AND HAD MORE PIECES OF DEAD iEAVES , STEMS ^ANt) ROOTS IN IT. 
WHEN WATER WAS POURED THROUGH EQUAL AMOUNTS OF EACH SOIL SAMPLE,, 
SAMPLE A A5S0RB£D MORE WATER TlHAN SAMPLE B . BASED UPON THE" ABOVE OBSER- 
VATIONS WHICH OF THE FOLLOWING WOULD YOU SELECT AS BEING THE BEST STATE,- 
MBNT' REGARDING THE DIFFERENCES- IN THE TWO SOIL SAMPLES? - , ■ . 

A. - BOTH SAMPLE A AND .SAMPLE B* WERE 'FdRMED BY THE INTERACTION OF \ 
ROCKS WITH THEIR ENVIRONMENT. ' ' ' ' 

'B. SAMPLEyfl CONTAINS ONLY LIVING THINGS .AND -SAMPLE B CONTAINS " 
ONLY PARTICLES GF ROCK. ' ' , 



C; SAMPLE /rtS PllOBABLY A SAMPLE, OF SUBSOIL AND SAMPLE ^ IS 
, PROBABLY, A SAMPLE OF TOPSOIL. 



2. JANET AND ELIZABETH WERE GIVEN TWO SAMPLES OF SOIL THAT HAD BEEN 
REMOVED FROM THE SAME FIELD. AFTER THEY, HAD CAREFULLY EXAMINED THE TWO 
SAMPLES, THE¥ HYPOTHESIZED THAT ONE SAMPBE^WAS SUBSOIL AND ,THE OTHER 
WAS TOPSOIL. ' IF THEIR HYPOTHESIS WAS CORRECT, 'v^H^T COULD THEY EXPECT 
TO HAPPEN IF THE SAME 'NUMBER OF BEAN SEEDS .WE^B PLANTED IN EACH. SAMPLE 
AND BOTH SAMPLES W?RE GIVEN, THE SAME AMOUNT OF WATER? '■ r 

• A. THE BEAN SEEDS WOULD NOT GR&W IN SUBSOIL. >^ 
• . " ' ' ' ' ' ■ - » ; 

B. THBv. BEANS IN SUBSOIL WOULD GROW BETTER THAN '2'hE BEANS IN 

TDE|SOIL. 2. ' . * . ~ * 

. C. THE BEANS IN TOPfeOIL WOULD GROW BETTER THAN THE JEANS' IN . 
SUBSOIL. ' ' I • ' 

.3. REREAD THE FIRST PART OF ITEM ,2 ABOVE. "jANET AND ELIZABETH DECirj- 
ED -TO TEST 'SHEIR" HYPOTHESIS BY ANOTHER MECHtSD. ' THIS WAS TO BE DONE BY, 
PUTTING THE SAME AMOUN"? OF .EACH SAMPLE OF SOIL IN JJACH OF TWO PAPEK 
CUPS WHICH HAD SMALL HOLES IN THEIR BOTTOMS. . INTO El^ PAPER CUP THE 
SAME AMOUNT OF*- WATER WA5. POURED. THE WATER THAT PASSED THROUGH EACH 

\S COL*LECTED AND COMPARED. WHAT WOULD YOU EXPECT TO .BE THE , 

suJjTS? \ . . ■ " 

THE WATER PASSING THROUGH THE SUBSOIL WAS COLDER TH5\N THE - . 
WATER PASSING THROUGH THE TOPSOIL. ^ 

MORE OF%HE WATER PASSED THROUG^ 'sUB^OIL THAN. TOPSOIL, 

THE SAME AMOUNT OF WATER PAS'SJBb THROUGH .EACff^SAMPLE . 



A. 



B. 



C. 




ERIC 



■183 



. ^ , - ' ^ Page D" 

4 JOE ANb FRED HAD THREE SAMPLES OF'sJll. SAMPLE. >1 'waS ; TOP SOIL . 
SAMPLE B WAS SUBSOIL. SAMPLE, C WAS SAND.^ THEY GOT INTO, A DISCUSSION 
•REGARDING WHICH OF -THEIR SAMPLES, .1 OR B , WOULD REACT WITH WATER MOST 
LIKE SAMPLE C, THE SAND, WHEN THE WATER HOLDITlTS PROPERTIES OF. THE 
SAMPLB^WERE COMPARED. THEY PERFORMEp AN EXPERIMENT AND FOUND THAT 
'TOPSOIL HELD MORE WATER THAN EITHER SUBSOIL, OR SAND. FROM THESE' 
RESyLtrS THEY CONCLUDED THAT SUBSOIL WAS . MORfi LIKE SAND. WHICH OF THE 
BLOWING BEST EXPLAINS THEIR RESULTS? - ' . ' ,00 

At TOPSOIL HA^ MORE MATERIAL IN IT, THAT -IS NOW LIVING OR WAS - 

ONCEf ALIVE, THAN EITjffiR O'F' THE OTHER SOIL- SAMPLES . - ^. 

B. THE 'SAND WAS FORMED BY THE ACTION OF WIND, RAIN, -AND HEAT 
UPON ROCKS. ' . " ^■ 

C SUBSOIL HAS PA^RTICLES OF ROCK IN' IT WHICH WERE FORMED BY. 
* THE INTERACTION /OP-^K^S WITH BOTH LIVING AND NONLIVING THINGS 
IN THEIR ERVIBQNMENT. \, • " 

5 TWO SAMPLES OF THE SAME AMOUNT OF DIFFERENT KINDS OF SOIL WERE ^ 
THOROUGHLY SOAKED WITk WATER. THE TWO SOAKED SAMPLES WERE ^WEIGHED. , 
THEY WERf THEN PUT INTO A 'WARM' OVEN .UNTIL BOTH APPEARED TO BE DRY . ^ 
THE DRY SOIL" SAMPLES WERE WEIGHED. THETR DRY WEIGHTS WERE COMPAI^D^ 
wf?H ?HEIR WET^IGHTS TO FIND OUT HOW MUCH THEIR WEIGHTS JJ^AD CH^GED. 
liwAS FoLd THAT ONE SAMPLE LOST MUCH MORE ^.WEIGHT AN OTHER." • 

WHICH STATEMENT BEST EXPLAINS WHY TJE SOIL SAMPLES LOST WEIGHT? 

A. HEAT ENERGY -CAUSED THE PARTICLES "OF S9IL IN THE SAMPLES TQ • 
■ • * GET..LARGER. ' • - V ' ' - 



B. 



C. 



HEAT ENERGY B«OKE UP THE PARTICLES OF SOIL AND MADE THEM 
SMALLER. 



HEAT ENER(^Y CAUSED -THiE- WATEI 



1e soil to EVAPORATE. 



6. WHICH OF ^HE SOILS IN Q^Mpi^^S^ A ^UBSO^L? 

a " ' THE ONE THAT LOST TI^E GRfi^if^R jWEIGHT. ■ , . . 



0 



B. 
C. 

C 



THE ONE THAT LOST THE LESSI 

i 

CAN'T TELL UNTIL YOU KNOW 




JGHT. 



MUCH, THE WEIGHT LOSS- WAS. 
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1 FRESH FRUIT JUICE HAD BEEN SERVED AT A CLASS PART^ ON THE LAST DAY 
OF SCHOOL BEFORE A ONE-WEEK VACATION. . THE CLEAN-UP tOMMITTEE OVER- • 
LOOKED A ^MALL PITCHER CONTAINING "BOME 'OF THE JUICE,. WHEN THE CLASS 
RETURNED TO THEIR ROOM AFT^R THE VACATION, SOMEONE DISCOVERED THE LEFT- 
OVER JUICE. IT WAS Qt:iITE DIFFERENT FROM. THE FRESH JUICE THEY HAD HAD ' 
AT THE PARTY. THERE WAS tROTti ON TOP OF THE JUICE. IT SMELLED DIF- 
ERENT. THE CHILDREN SUGGESTED ' SEVERAL HYPOTHESSS "TO EXPLAIN WHAT HAD 
CAUSED THE FROTH ON ZWg^ JUICE AND ITS CHAN-GE IN ODOR. WHICH ONE OF 
THE FOLLOWING HYPOTHESES DO YOU CONSIDEk BEST? 



.A. 
B. 
C. 



SMM.L PLANTS, SUCH AS YEAST, HAVE GOTTEN" INTO THE JUICE. 

-'■■<' ^ > 

'SOMEONE HAD SHAKEN THE JU ICE TO -MAKE IT FROTH. 

HEAT HAD cAuSED SOME OF 'THE.' WATER FROM THE JUJCE TO^ EVAPORATE , 
THUS PRODUCING THE FROTH. 



WHICil OF THE F^OLLOVlNG IS' THe''BEST EXPLANATION OF^ FROTH/* 

A. F-ROTH rS ^^ORMED BY SMALL Pi^RTICLES OF DUST FROM THE AIR. 
.B.' FROTH IS FORMEJD BY 'BUBBI>ES_. OF__GAS . . — 



E^I 



FROTH . IS *MADE UP 'OF COBWEBs) 



2. ' WHICH ONE OF THE FOLLOWINQ WOULD BE MOST CONVINCING IN DEMON 
STRATING THAT SODa'wATER CONTAINS CARBON DIOXIDE? ' 



f B 



A DRINK A 'BOTTLE OF SODA TO SHOW THAT IT WILL MAKE YOU B-ELgH 
-* WHENv:YOU ^^^AW^ carbon dioxide it MAKES YOU BELCH. _ . 

PASS SoiffiOF THE-GAS PROm' a' BOTTLE OF SOdA, THROUGH A 

BLUE- GREEN gOLUTIol^ OF AN EXTRACT FROM RED CABBAGE TO -SEE 

IF IT TURNS PURPLE.' 

V r «' ■ - • 

-SHAKE THE BOTTLE OF SOB^ TO SHOW THAT THE GAS WILL CAUSE 

THE SODA-WATER TO SQUIRT. 



3 ^ THE AVERAGE CONCENTRATION OF , CARBON D]I0XIDE IN THE AIR ABOVE THE'- 

grounS-i~raLy very small, however^^it has been found that the 

1 CONCENTRATION OF CARBOI^ CIOXJDE IN THE AIR |N SOILS IS flUGH HIGHER. 
f5S^?SErW0RDS THE All. IN^SOILS HAS MANY ^^^^ ^^^^p^^^HE \ 

IN IT PER UNIT. VOLUME THAlrf THE AlR ABOV£ THg". GROtJNtf v WHICH OF THE ^ 
-fSiiJoWING materials in .soil is MOST LIKELY TO CAU^B THIS CONDITION?-'^ 

I « 

• A. LIVING THINGS WHICH (5lVE .OFF CARBON DIOXIDE. - , . - 
■ B. EARTICLES OF ROCK WHICH ARE" SHARP- *^ ■ . ■ 
' cf WATER' WHICH MAKES THINGS WET.' * 
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T, WHli;^ DIGGING IN THE SOIL JImUnD ART FOUND 'SOME OBJECTS THAT. 
L00K^D*~EIKE WORMS. ^HOWEVfiR, THEY DID NOT APPEAR TO BE ALIVE. HERE 
ARE SOME QUESTIONS THAT THE BO^S AGREED THEY WOULD HAVE TO ANSWER BE- 
FORE THEY COULD BE MORE CERTAI^^'WHETHER .THE OBJECTS WERE" ALIVE. WHICH 
ONE .IS THE BEST QUESTION TO ASK? 

- A. Will they float in water? " 

B. will they eat LEAVES?. jj 

C. DO THEY';- GIVE OFF CARBON DIOXIDE? 



I 



> 
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I 2^ . Name! [ P^g^ G 

1. DURING PERIODS WHEN THERp WA§. LITTLE OR NO RAIN, ALV^N MAD T& . 
WATER THE 'PLANTS AROUND HIS HOUSE TO KEEP THEM ALIVE. ,HE NOTICED THAT 
PLANTS ON THE WEST SIDE OF" HIS HOUSE NEEDED MORE WATER TO KEEP.' THEM " 
FllOM WILTING THA^^ DID THE SAME KIND OF PLANTS ON THE EAST SIDE OF .HIS 
HOUSE. BOTH Slt)ES OF THE HOUSE RECEIVED THE SAME AMOUNT 0!F SUNLIGHT 
DURING THE T)AY. AT REGULAR TIMES DURING THE'dAY-HE HAD CHECKED THE 
AIR TEMPERATURE (IN THE SHADE) IN 'iBOTH LOCATIONS AND FOUND THAT THE . 
RANGE^ IN THE AIR TEMPERATURE • THROUGHOUT THE DAY ,WAS ABOUT THE SAME. 

-SI^ICE DIFFERENCES. IN AIR TEMPERATURE DJD NOT APP'EAR TO BE THE. ' CAUSE 
WHICH OF THE FOLLOWING WOULD BE' THE NEXT MOST LIKELY CAUSE? • " 

. \ ^ „ . - 

A. DIFFERENCES IN THE "KINDS OF SMALL "ANIMALS THAT-LIVE ON THE ' 
PLAflTS-. ■. * ■> 

• B. DIFFEREl^CBa'^. THE MOVEMENT OF AIR AROUND THE PLANTS. 

C. DIFFETRENCES in the AMOUNT OF CXREo'n DIO^XIDE^ IN THE AIR 
' AROUND THE PLANTS. ,^ • * • '> 

2. WHEN- YOUNG CABBAGE PLANTs'aRE TRANSPLANTED, FROM SMALL POTS TQ THE^ T 
GARDEN, PAPER CAPS OR HC50DS 'ARE GENERALLY PLACED O^R THE SMALL ' PLANTS . 
THEY ARE tEFT IN PLACE OVER THE PLANTS FOR SEVERAL DAYS. THIS' IS DONE 
TO KEEP THE YQUNG .PLANVs FROM LOSING' TOO MUCH WATSfR VAPOR TO THE AIJ^ . 
SURROUNDING THEM. WHICH OF THE FOLLOWING BEST EXPLAINS HOW THE^APER" 
HO'ODS REDUCE WATER LOSS FROM YOUNG PLANTS? , ^ ' , 

A. REDUCES THE MOVEMENT. OF AIR AROUND THE PLANT. 

B. KEEPS THfi' RELATIVE HUMIDITY OF THE AIR AROSfcD THE PLANfS^ HIGH . 

* * / " ' 

C. BOTH OF THESE COULD EXPLAIN HOW THE ^APBR HOOD? WORK.'' 

'■ ' . ' ' . , ' 

3 "-JANICE ANDiMURIEL DID AN EX^-ERIMENT TO FIND OUT WHICH -PLANT ,. A 
'small PINETREE or a GERANIUM fijlANT, ABOUT THE SAME. HfeiEXSHT, LOST MORE 
WATfi-R TO THE AIR ^SURROUNDING Bl . THEY OBTAINED POTTED ISTJVNTS, OP ABOTJT 
THE SAME SIZE. T^HEY WATERED KH PLANT WELL'.. NEXJ; T^EY COVEREP «E 
POTS AND THE^SOIL WITH PLASTlfT' THEN'> .THE-Y' SECURELY TIED A PLASTIC 
•BAG OVER THE STEMS AND LEAVES OF EACH ^PLAlfT AND PXACED THE- TWO PJ/ANTS 
NEAR A WiNDbw* AFTER, 12 HOURS THEY, .EiiAMINED THEIR PLANTS SND. FOUND ■ 
THAT A GREJ^T DEAL OF WATER" HAD CONDENSEt) 'ON THE 'INSIQE <.OFr THE PLASTIC , 
6AG COVERIi|g the' GERAN^IUM plant. ripWEVfiR, HARDLY ANY WATEp^^HAD^ CO,N-' 
tJENSED INSIDE THE BAG COVERING- THE LITTLE PINETREE. JANICE WAS" 
TO^WHY TJHE "GIIRANIUM PLANT LOST MORE WATER THAN THE PI^ETRE.!!.^ 
FOLLOWING ARE SOME IDEAS THAT SHE THOUGHT ^ABOUT . ^WHICH pN?.IS ' 
EXPLANATION- OF WHY THE GERAn'iUM LOST MORE WATER? ^ ' • 

* A.- THERE WAS MORfe WIND AROUN* 'THE GERANIUM PLANT. 

/ ^ . ■ 

B. '"geranium leaves^ ARi; LARGER AND BROADER THAN ?INE NEEDLES* 




Mr 



C. PINE NEEDLES ARE^ SHARPER THAN GERANIUM LEAVES. 
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4. * DARRELL HAS OBSERVEEkTHAT . THE POTTED PLAN.TS IN HIS, ROOM REQUIRE 
MORE WATER IN -THE SUMMER, ON .THE DAYS WHEN THE AIR-CONDITIONING EQUIP- 
MENT IS OPERATING THAN WHEN IT IS NOT. HE HAS ALSO OBSERVED ' THAT HIS 
PLANTS REQUIRE MORE WATER IN COLD WEATHER WHEN THE HOT-AIR FURNACE IS 
OPERATING. WHICH, OF THE FOLLOWING BEST EXPLAINS WHY DARRELL ' S PLANTS ' 
REQUIRE MORE- WATER UNDER THESE CONDITIONS? 

A. PLANTS "lose- MORE WATER WHEN THE RELATIVE HUMlblTY^S LOW 
THAN WHEN IT IS HIGH. 

B. PLANTS LOSE MORE* WATER ' WHEN THE TEMPERATURE IS LOW THAN WH^ 
■ IT IS HIGH. 

C. PLANTS LOSE MORE WATER WHEN THE AIR -IS MOVING THAN WHEN IT 
fS STILL. . * • ■ 

5. IN A GREENliOUSE, PLANTS DQ NOT .GENERALLY REQUIRE AS MUCH WATER AS 
THEY WOULD OUT G)F DOORS . WHICH OF THE FOLLOWING BEST EXPLAINS, WHY 
THIS MA^fi BE SO? ' ■ " < 

A. THERE IS LESS MOVEMENT OF AIR INSIDE THE GREENHOUSE THAN 
OUT OF DOORS. ' • ■ ^ . 

■ B. THE RELATIVE HUMIDITY INSIDE THE GREENHOUSE IS USUALLY mCHER 
THAN OUT OF DOORS. 



C« BOTH OF THESE ARE GOOD EXPLANATIOfIS ! 
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1." "PHIL HAD NOTICED tJIAT AFTER A HEAVY RAIN THERE WOULD BE MANY EARTH- 
WORMS ON' THE SIDEWALK IN FRONT -OF HIST HOUSE. ONE, DAY IN illS SCIENCE 
CLASS HE ASKED THE TE'ACHER WHY THIS* HAPPENED . THE TEACHER 'D 1 1> NOT 
ANSWER HIM DIRECTLY BUT ASKED THE CHILDREN IN Tfip CLASS TO SUGGEST POS- 
SIBLE EXPLANATIONS OR HYPOTHESES. MANY HYPOTHESES WERE SUGGESTED., 
THREE ARE LISTED BELOW. WHICH ONE SEEMS MOST REASONABLE? 

A.' EARTHWORMS MOVE OUT OF THE SOIL WHEN . It' BECOMES . SOAKED WITH 
WATER. , 

. . • M ^ 

' B. SOMETIMES WHEN . IT RAINS, IT RAINS EARTHWORMS. 

C. WHEN THE SOIL IS .WET BIRBS CAN MORE EASILY REMOVE THE KARTH- - 
WORMS. . > " , . 

2 WHEN BUDDING TWIGS ARE CUT FROM LEAFLESS BUSHES IN THE WINTER TIME, 
PLACED IN water', Al^D KEPT INDOORS, THE BUDS SOON DEVELOP INTO LEAVES ^ 
OR FLOWERS. WHICH OF THE FOLLOWING BEST EXPLAINS WHY THE BUDS DEVELOP 
FASTER INDOORS? ' ^ . 

A. THE TEMPERATURE IS HIGHER INDOORS THAN OUTDOORS . 

B. THERE IS MORE WAT^R -INDOORS THAN^ OUTDOORS . 

C. THERE IS i MORE LIGHT ^NDOORS THAN OUTDOORS . / ^ T 

3 WHAT DO YOU EXPECT, WOULD HAPPEN TO THE VERY 'SMALL ANIMALS IN SOIL^ 
NEAR THE SURFACE WHEN ' IT DRIES OUT AND BECOMES HEATED BY THE SUN?' 

A. THE HEAT AND LACK OF MOISTURE WOULD KILL ALL OF THEM.-^ 

B. MANY WOULD MOVE DEEPER INTQ THE SOIL WHE^ IT ■ IS COOLER 
AND MORE MOIST. • . ' i ' « " 

C. THEY WOULD MOVfi TO TQE SURFACE WHERE THEY COULD FIND. SHADE 
AND MOISTURE. . 

4, IF ALL AIR WERE REMOVED FROM A LARGE SAMPLE OF-^OIL, WHAT WOULD 
HAPPEN TO THE THOUSANDS" OF SMALL ANlMALS IN IT? _ ^ ,^ 

A. THEY -WOULD PRODUCE THEIR OWN AIR FROM' THE CARBON DIOXPDE 
THEY GIVE OFF., • " ^ ~ 

B. NOTHING WOULD 1lAP PEN TO THEM SINCE THEY ARE SO SMALL. 

C. THEY WOULD DIE BECAUSE THEY NEED OXYGEN . IN' ORDER TO LIVE. 
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5. WHICH OF THE FOLLOWING COMBINATIONS OF FACTORS. BEST DESCRIBE A , 
SUITABLE .SOIL ENVIRONMENT FOR .SMALL ANIMALS? 

A. ' LIGHf ) WARM, DRY, / . - ' ' . 

B. " DARK, MOIST, HOT. * '' " - . , 

C. MOIST, DARK, WARM. 
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i.A- A DRY GREEN SALT IS HEATED 1N A TEST TUBE. DROPS OF WATER APt'EAR 
IN THE UPPER PART OF THE TUBE. THE SOLID IN . THE ■ BOTTOM OF THE TUBE 
CHANGES COLOR. WATER PROBABLY CAN COME FROM THE DRY SALT BfeCAUSE THE 
HEAT flNERGY ABSORBED BY THE GREEN SALT HAS : " ' ^ 



> 



A. DRIVEN off" WATER" THAT IS BONDED TO THE -SSLT. 



J 

' B. CAUSED WATER TO BE ABSORBED FROM THE AIR, • 
C. .CAUSED Tj/e top OF THE. TUBE TO Gfl^T HOT. , 

• ■ 41 • 

2. WHEN WATER IS ADDED TO A SALT IN WHICH ITS BONDED ^ER HAD BEEN 
REMOVED:' ' ■"■ ' . . / ' . ' U- 

A. HEAT ENERGY IS GIVEN OFF . y ■ . • • ' ' 

B. HEAT 'energy IS ABSORBED. " ■ \ ■ 
'C. NOTHING HAPPENS . • ^ . ' 

3. -'.WHEN HEAT ENERGY IS ADDED TO .HYDRATED SALTS (WITH BONDED WATER 
MOLECULES) IT IS MOST PROVABLE THAT: ■ ^ , 

A. THE HYDRATEi*BONqS HOLDING THE WATER TO TH^~^LT' ARE ^ 
*'. STRONGER THAN THB^SAXT-TO-SALT BONEJS . 



/ 



B 



C. 



THE SALT WILL m£lT 'BEFORE THE HYDRATE BONDS HOLDING THE 
WATER TO THE SALT .BREAK. "* 

THf HYDRATE BONDS HOLDING THE WATER -^0 THE SALT*^ILL 
GENERALLY - BREAK BEFOREs THE" sKlI? MELTS,. 



X 





/ / 
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5. THE SAMPLE OF SAXJ> ^HICH REMAINED BLUE IS NOW HEATED FOR A LONGER 
TIME AND IT ALSO JE^^S .YELLOW . AFTER BOTH SAMPLES COOL, SOME' WATER IS 
.ADDED TO ONLY^ ONE OF THEM, AFTER THE WATER, IS ADDED TO -THE ONE SAMPLE 
9F Y^yLLOW ■'SALT IT BECAME ELXJE AND THE TEST TUBE BECAME VERY HOT. WATER 
IS NOT ADDED TO TflE OTHER SAMPLE -OF YELLOW SALT AND ITS COLOR DOES NOT 
CHANGE WnicH SAMPLE' OF SOLID SALT NOW HAS. MORE ^EAT ENERGY? 



Page *B 



TWO TEST TUBES CONTAINING EQUAL SIZED SAMPLES OF T^t SAME BLUE SALT 
ARE HEATED. ONE OF THE TEST TUBES. IS HEATED LONGER THAN THE •■QTHER'AND 
THE SOLID TURNS YELLOW. NO CHANGE IS OBSERVED 1^ THE SALT^THATJ 'IS . 
HEATEp FOR A SHORTER TIME . " .' )\ • 



WH 



ICH SAMPLE OF SALT PROBABLY ABSORBED MORE JiEA^ ENERGY? 



A.' THE SALT WHICH REMAINED BLUE. \, , 

e. THE SALT WHICH TURTJED YELLOW. . , '| 

C. THEY B0t6-" ABSORBED T^E SAME AMOUNT -OF "ENERGY". / 



) 



6. 

ABOVE? 



A. THE SAMPLE .OF SALT WHICH IlEMAINED 'YELLOW. - ' 

B. THE SAMPLE OF SALT WHICH BECAME BLUE AGAIN. 
C? BO'^H/^S AMPLE S CONTAIN THE' SAME HEAT ENERGY. 

WHICH 'OF THESE STATEMENTS IS TRUE REGARDING WHAT 'HAPPENED IN 5 



, A. SOME HYDRATE BONDS' WERE" BROKEN. WHEN THE SAMPLE OF YELLOW 
iSALT BECAME BLUE AGAiN . 



B. 



.SOME HYDRA^ bonds' WERE RE-FORMED; WHEN 'THE SAMPLE OF YELLOW 
SALT BECAME BLUE AGAIN. • "" • 



C. '.HYDRATE' BQNDS WERE FORMED IN BOTH THE YELLOW ANr\ BLUE SAMPLES 
OF SALTS. * . ' 
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TASK J. IN THfe FOLLOWING PROCESSES PLAdE A + IN- THE SQUARE IF YOU 
THINK HEAT ENERGY IS ABSORBED? PLACE A - IF YdU. THINK HEAT ENERGY 
WILL BE GIVEl^l/bFF. ' .* " , ' 



A. i .Tp^ BREAK WATER-TO-.SALT BONDS [U 

km R 

B. -ftVIffiliTlNG LJ 



J 



C. ; ip"' BREAK tlOLECULE-TO-MOLECULE BONDS ED . • 

; I! . • ' • - ' . 

D. ,ApDIl!lG WATER TO A SALT FI^OM WHICH BONSeD WATER MOLECJDLES 

H^VE BEEN REMOVED i Q " , 



brssoLviNG n 

F. FORMING HYDRATE BOfi^DS 



TASK IT0 EhCa ITEM \h-F\ BELOW CONSISTS OF A PAIR. OF SUBSTANCES\ 
PLACE iCciRCLE AROUND THE SUBSTANCE IN EACH PAIR. WHICH POSSESSES MORE 
, ENERG:J.' both samples^ are the SAME SIZE AND ARE AT THR. SAME TEMP,?,RATURE 



BLUE VITRIOL 



WHITE VITRIOL 



/ 



'{ 



/ 

-/■\. 


A GAS 

• • 


> 


:. . ITS 


LIQUID 


. c. ■ 


A SOLID 




y ITS 


LIQUID 


."^ D. 


ANHYDROUS 


*SALT 


— zl~ 

"^HE 


Hl^DRATED SALT 




DISSOLVED 


-SALT ' 


THE 


SOLID SALT 



F. ^STARCH-IpDINE QO^dPLEX STARCii, PLUS IODINE 
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pftlL-PERFORlylED A ^ CAREFUL .EXPERIMENT WITH SOME . CRYSTALS HE THOUGIIT' 
MIGHT BE HYPO (A HYDTU^TED SALT CALLED SODIUM TH^IOSULFATE).. HE WANTED 
TO FIND- OUT IF^CRYSTALS OF' THE SALT WERE' REALLY HYDRATED, THAT IS 
bSlJ^AINED LnDED WATJIR-.MPLECULES. HE ADDED 50 UNITS OF HEAT ENERGY TO 
A WEIGHED SAMPLE OF '"THE WHITE CRYSTALS^OF HYPO. . - ^ • 

1 AFTER fADDlNG Trii HEAT ENERGY HE OBSERVED THAT THE CRYSTALS REMAINED 
white'. VHXS; conclusion SHOULD BE THAT THE ORI^GINAL SALT: . - > 

A. Vs-NOT A HYDRATED SALT SINCE A HYDRAT^l'p S'ALT MUS.T CHANGE 
.COLOR ON. HEATING. ' - ^ , . 

' ^b / MIQriT BE. HYDRATfeD SINCE COLOR DOES NOT We TO CHANGE WHEN 
' * THE ANHYDROUS SAfiT IS FORMED ON'HEATINGi. ■ 

i . 

C. was' EASILY' MELTED . / " \ . • 

^ . . : . ■ ■ 

'2 PHIL AGAfl WEIGHED THE WHITE SALT REMAINING IN THE ««EST TUBE , _ 

After. HEATING.' -IT weighed less than bef,ore it was heated.^ this was 

"PROBABLY BECAUSE: , 

* - • A.'. ^ON BEING heated/ TSE WfilTE CRYSTALS LOST SOME WATER ^ , . 
OF HYDRATION AND THEREFORE WEIGHED LESS. 

. B. ."fiOME SALT MELTED AND THEREFORE THE SAMPLE WEIGHED LESS. 
' ' C. ,S0M£: .SALT EVAPORATED AND, LEFT THE SAMPLE! OF" SALT.- , ' 



3. PHIL SUSPECTED THAT THE SALT CRYSTALS. WITH WHJCH HE STARTED HAD 

REEN REALLY HYDRATED SALT CRYSTALS.. HE DECIDED 'TO AI^D A FEW DROPS 
•oF^A^K^^O^HnHITE CRYSl^yi-S AFTER THE 50 UNITS OE^ HEAT ENERGY HAD 

BEEN SeD TO THeS. HE WANTED TO FIND OUT IF ANY HEAT ENERGY WOULD . 

1e ?a5?N IN OR GIVEk OFF WHEN HE ADDED WATER. UF SO, HE WANTED TQ. 

M^Aq^RE IT AS HE ADDS 'THE WATER, THE CRYSTALS STILL -APPEAR ;T0 BE. • 

^f lF^AT HE SUSPECTED XbOUT THE ORIGINAL CRYSTALS WERE TRUE WHAT 
■ELSE sSuLD HE OBSERVE WHEN-'HE ADDS A FEW DROPS. OF WATER TO THE SAMPLE 

OF SALT TO WHICH HEAT ENERGY HJ^D BEEN^-ADDED? • • • , 

A. THE SAMPLE SHOULD USE UP 50 UNITS' OJ HEAT ENERGY" AND 
BECOME COOLER T ' ■ . ' . ■ 

. B. THE SAMPLE SHOULD: GIVE OFF 100 UNITS OF HEAT ENERGY AS ; 
• ' 'v^ATER 'MOLECULES AGAIN BOND, TO THE -SALT. 

'C. THE SAMPLE SHOULD GIVl^ OFF, S'O |nITS OF HEAT ENERGY AS THE 
HYDRATE BONDS TO SALT RE-FORM. • 



ri 



Name; 



Eag'e E 



BILL TOOK SOME CRYSTALS OF WHITE ■ SALT FROM A CONTAINER ^^HICH WAS _ 
LABELED A, AND' PUT THEM IN A TEST TUBE. JAN ALSO T(30]^ SOME CR^^STA?.S . 
OF A WHITE SALT BUT FROM A CONTAINER LABELED S AND PJJT THEM INTO A 
TEST TUBE. ' BILL AND^JAN THEN ADDED K DROPS OF WAT^K TO THE WHITE 

CRYSTALS' IN* EACH OF THEIR TEST TUBES. ' ' . „• ^ 

1 THE TEMPERATURE OF BILL'S -TEST TUBE INCREASED.' IT BECA^ffi•VERY 
HOT. WHAT IS POSSIBLY HAPPENING IN THE CRYSTALS OF HIS SAMPLE OF' 
SALT? , ■ ■/-..• . \ • . , 

A. SOLID-TO-SOLID BpNDS ARE BEHiJG 'BROKEN. • _ - 

B. HYDRATE BONDS ARE* BEING FORMEDv" ' / :v , . ^ " 

fit ' . . "J * 

■ ' • ' ' ' 

C. WA-BER IS BEING DRIVEN OFF. • ^ . , 

9. JAN'S TEST TUBE^ BECAME COOLER WHEN SHE ADDED THE WATER. SHE 

ALSO OBSERVED LESS. SOLID THAN WHEN SHE STARTED. WHAT DO YQU THINK,- , / 

WAS HAPPENING IN THE. CRYSTALS. OF HER SAMPLE OF- SALT? 

•A. SOME OF THE WHITE SOLID DISSOLVED IN THE- WATER. ^ ^ 
■ B. SOME OF THE WHITE ' SOLID - EVAPORATED . ' ^ . ' ' 

* C. SOME OF THE WATER EVAPORATED., - ■ / f • 

3.. ""WHY DID- JAN'S SAMPLe'oF SALT BECOME COOLER? * • . -\' 

A.* BONDS. WITHIN THE CRYSTALS WERE BEING BROKEN. ' ' 
" B.'' BONDS WERE BEING FORMED* WITHIN THE CRYSTALS. ~ 
•C. BOTH OF THE ABOVE WERE HAPPENING.' ' \ . 

■ 4 WERE THE TWO SUBSTANCES INVESTIGATED 3Y JAN AND BILL THE SAME? 

-. A. YES'. • ■ , . ' 

, •. . B. NO. • ' ' 



Q,. THERE IS NO WAY^ TO TELL. 
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1.- IF.' Ypl/'^WERE TO EXAMINE A TREE, YOU WOULD FIND TH)^ THREE THINGS BE-* 

'low-. Which would B'e the smallest part? ^ . . ' 

• A. A- IiEAF ~ ,. . . , ' , 

B-. .A CE^.tr- 

• C. A- TWIG . ' ' ^- ■ . " ■ > • " 



1 



2. A PUDDLE. OE WATER IS C0MPpSg6 0^ THE THRi)E THINGS BELOW. WHICH 
WOULD BE -THE S^lALLES't-PART? ' 

• ^ A. A MOLECULE OF WATER • x . 

. ^ / ' r ^ * • 

B. A* DROP OF^ATER * , , . . ' 

C\ ' A SMALL CUP- OF mTER * - ' , 

J ' ' ' T • ■ 

. ■• ' * • .■ - ■ 

3.. THE DEEP BLUE SOLUTION FORMED WHEN STAUCH AND IODINE . INTERACT IS 
■COMPOSED' OF SEVERAL PARTS, INCLUDING^HE FOLLOWING. WHICH OF THE PARTS 
NOTED BELOW WOULD BE THE 'SMALLEST?/^ . . • , 

A. THE 5TARCH- IODINE COMP-LEX . • ' . 

B . THE -STARCH MOLECULE . ' * ' * * 

C. h i/4- TEASPOON'FUL OF SOLUTION ^ ^ ' 
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' i. 


A. 


) 

THE SMALLEST PARTS THAT ALL LIVING THINGS HAVE iw 
LEAVES. . , ' . • 


COMMON 


ARE- 


• 


B. 


THE SMALLEST PARTS THAT ALL LIVING THINGS HAVE IN 

ft 


COMMON 


ARE ^ 




A. 


1 

ALL IRON SULfKtE CRYSTALS HAVE THE SAME SHAPE.. 




« 




B. 


t ' . " ' ■ 

. IRON SULFATE MAY CRYSTALLIZE IN SEVERAL DIFFERENT 


SHAPES 


1 


3. 


A. • 


WATEii MOLECULES ARE A PART OF ALL HYDRATE SiCLTS . 


A- 




4-. . 


A. 


A PART OF THE BLUE VITRIOL MOLECULE IS COPPER. ^ 








o • 

r> . • 








5. ■ 


A.' 


EVERY, SALT CONTAINS SOME COPPER. 








B. 


SOME SALTS DO NOT- CONTAII^ COPPER. 

♦ 




t • 

> 




* 


• « 




if 


♦ • 

* 






> 

• * 

• " 4 


* 

■4 
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•• 
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HERE ARE sbME" MORE PROBLEMS ABOUT PARTS OF. WHOLES. IN EACH ITEM BELOW 
•YOU. WILL FIND A PICTURE OF A STRUCTURE MADE UP OP CERTAIN UNIT PARTS. 
AN INTERACTION IS SHOWN WHICIJ RESULTS IN CHANGES IN THE ARRANGEMENT . 
OF THE>41^IT PARTS. COMPLETE THE STATEMENT OF THE INTERACTION BY 
DRAWING THE CORRECT .FIGURE OVER THE QUESTION MARK OR BY COMPLETING THE 
PICTURE OVER THE QUESTION MARK. ' ' 



HERE, IS AN EXAMPLE: 



« XO + Y — ^ YO + 



i 



-TO COMPLETE THIS "INTERACTION AN X SHOULD PLACED OVE^^ ? . THE 
COMPLETED STATEMENT WOULD READ AS: . , 



Xo' + Y — ^ YO + X \ 

? 
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1. ^ AilODEaj of' THE TWO PARTS OF A SALT MOLECULE IN A BLUE COLORED 

SOLUTION CAN BE -PICTURED AS : Z:^ O WHILE A MODEL OF THE MOLECULES' 

IN A- COLORLESS' OR POSSIBLEY SLIGHT YELLOW SOLUTION CAN BE PICTURED AS 

rl-O; WHICH COULD BE THE APPROPRIATE ]?AIR OF SYMBOLS FOR THE UNIT 
PARTigLES- MAKING UP THE DISSOLVED SALT MOLECULES? ' 

A. -A. ' STANDS FOR COPPER, -AND O STANDS FOR SULFATE 

• , B. Z\ ' STANDS FOR IROn/aND © STANDS FOR, SULFATE 

C; O STANDS FOR. COPPER ^ AND STANDS FOR IRON . , • 

• ■ ' % ■ 

-2 DOTTY pi(iKED UP TWO JARS EACH CONTAINING BLUE SOLUTIok. SHE KNEW 
THAT ONE SOLUTION C0NTAINEE5 COPPER SULFATE. IN ORDER TO IDENTIFY THE 
OLUMON CONTAINING COPPER SULFATE, 'SQE SHOULD :'• , ^, ^ • 

A. FILTER PART OF THE SOLUTION AND LOOK FOR TJHE APPE^^jjKE OF 
. • . COPPER IN THE FILTER PAPER. ' . 

B. PUT A -PIECE OF IRON IN PART OF THE SOLUTION AND LOOK FOR \- 
' ' THE APPEARANCE OF COPPER IN" THE IRON. ' 

. C. OBSERVE THE SOLUTION VERY CAREFULLY WlTH A ^^GNIFIER.- ^ •. 

3 ^MORRIS DISSOl'vSS^OME BLUE" COPPER CHLORIDE SALT IN WATER. -HE 
DECIDED TO REFORM SOME CRYSTALS AND SO HE. PLACED SOME' OF THE SOLUTION 
IN Ak" ALUMINUM. PIE PAN. WHAT MIGHT HAPPEN? . ' " 

^ A. 'a big hole would appear in the pan and SOME METALLIC 
COPPER WOULD FORM. " . ~~ * ' ' 

B. NOTHING WOULD CHANGE IN ^THIS AP^-EARANCE OF THE BLUE COPPER 
CHLORIDE SOLUTION IN THE PAN. ■ * 

C. THE WATER WOULD EVAPORATj: VERY QUICKLY FROM THE BLUE 
SOLUTION "IN THE- PAN. 
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LIZ IS DOING AN EXPERIMENT WITH A .WI^ITE CRYSTAU^INE SALT. SHE OBSERVED 
THE CRYSTA;.S with A MAGNIFIER AND SAW THAT THEY WERE IN THE SHAPE OF 
DIAMONDS , 0 . WHEN SHE HEATED SOME OF THE CRYSTALS 'IN A FLAME , , TH]g ^ 

FLAME Became red. ^ , ' ' v ' - • - 

1. LIZ dissolved some of the crystals in water. When the skU's 

RECRYSTALLIZED, LIZ OBSERVED THAT THE CRYSTALS .WERE ALSO DIAMOND SHAPED. 
SHE COVlSIDERED THIS WAS TO BE AXPECTED SINCE: .. ." 

- AT~^BqEAMOND SHAPED CRYSTALS ARE ALWAYS FORMED BY WHITE SALTS. 

B. SH? ALLOWED THE" SOLUTION TO STAND OVERNIGHT. , _ ' 

C. /wHEN the SUBST'ANCE dissolved in the water, its COMPOSITION 
^ '• HAD NOT CHANGED. 

2. LIZ MADE UP SOME MORE . SOLUTION . BY ACCIDENT SOME OTHER. POWDER 
FELL IN. THE SOLUTION BECAME CLOUDY. SHE 'FILTERED IT AND SET ASI^ 
THE CLEAR. LIQUID WHICH CAME THROUGH. SHE OBSERVED THE LIQUID THE 
NEXT DAY. LONG NEEDLE SHAPED CRYSTALS HAD FORMED. WHICH OF THE 
FOLLOWING MOST LIKELY' EXPLAINS WHAT HAPPENED? 

• A. THE 'SOLID SALT WAS THE SAME AS THE OlfE-SHE STARTED WITH . 

"BUT^THE CRY'^TALS WERE LONGER. -' ' , 

B. DRYING OUT ALWAYS CHANGES CRYSTAL SHAPES. 

C. THERE WAS AN INTERACTION WITH THE POWDER Ai^D A. . 
• DIFFERENT KIND OF MOLECULE WAS FORMED. 

; '.^ . . ' 

3. LIZ -THEN HELD TEE NEW NEEDLE SHAPED CRYSTALS IN A FLAME, THE 
FLAME' WAS THE SAME COLOR. RED AS SHE OBSERVED WITH THE DIAMOND CF^YSTALS. 
WHICH OF THE FOLLOWING BEST EXPLAINS WHY? 

• ** ' . - 

A. WHITE CRYSTALS ALWAYS PRODUCE" RED FLAMES. 

B. THE 'SAME UNIT PART1(5lE WAS PRESENT IN BOTH THE DIAMOND 
AND NEEIDLE SHAPED CRYSTALS. i . 

_ \ 

C. THE WATER AND THE POWDER INTERFERRED WITH THE TESyiNQ ' , 



IN-'fHfi'- FLA^fe. 
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4. LIZ DISSOLVED THE NEEDLE SHAPED CR^^ALS . SHE INSERTED A PIECE ' 
OF METAL WIRE INTO THE SOLUTION. THE SOLUTION TURNED GREEN. SHE 

• MIGHT EXPECT THAT: . .. ' 

-A.- OVER A PERIOD OF TIME/ THE SOLUTION "WOULD -QECOME A DARKER. ' 
GREEN. 

" B, A NEW KIND OF MOLECULE HAS BEEN FORMED FROM PART OF THE 
METAL i c 

. " .C. ' BOTH A AND B ABOVE>. 

5. THE MOST -LIKELY REASON FOR THE ABOVE OBSERVATIOIjl IS THAT: 

A. PARTICLES MAKING UP THE" METAL WIRE EXCHANGED PLACES WITI^ 
PARTICLES MAKING UP THE SALT MOLECULES IN SOLUTION. 

B. METALS GENERALLY .FORM GREEN SOLUTIONS. -• . 

C. PARTICLES are' COMING OFF TH^ Wlks AND MIXING WITH THE 
DISSOLVED SALT TO MAKE IT GREEN « ' 

, e! , LIZ TESTED THE GREEN SOLUTION IN A FLAME/ • IT .DID NOT MAKE THE 
^■--ELAME RED, BUT MADE THE FLAME PURPLE. WHAT IS THE MOST LIKELY REASON? 

A 4 THE GREEN MOLECULES IN THE SOLUTION AND THE ORIGINAL RED ^ 
FLAME WOULD MAKE THE FLAME PURPLE. 

B. THE ' UNIT 'PARTICLE RESPONSIBLE FOR THE RED FLAME IS NO 
LONGER A PART OI^THE MOLECULES IN^ THE SOLUTION. 

C. BOTH OF THE ABOVE ARE TRUE. - 

' • ■* • . 

7. LIZ TES5?ED ANOTHER PIECE OF tHE SAME' METAL WIRE, IT IS MOST 
' PROVABLE THAT THE WIRfi WOULD PRODUCE A FLAME THAT WAS: 



A.. 

B. 

C. 



RED 

PURPLE 
COLORLESS 



8, Liz DECIDED TO. GROW CRYSTALS FROM THE -GREEN SOLUTION SHE HAD MADE, 
WHICH OF THE FOLLOWING WOULD SHE MOST LIKELY OBSERVE' FOR THE' CRYSTALS 
WHICH FORM? - ^ , ' ' . . ^ * 

A. THEY MIGHT BE COLQRED . GflEEN . * ! * 

B. > THEY WOULD CERTAINLY , BE- NEEDLE SHAPED'. 

C. THEY MIGHT- BE COLORED .PURPLE AS WAS THE FliAME.^": 
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THE SITUATIONS HAVE TO DO WITH EXPERIMENTS DONE IN A CLASSROOM IN 
ANOTHER COUNTRY. THE CHILDREN OBSERVE)/ AND THEN EXPLAINED WHAT THEY. 
THOUGHT WAS HAPPENING TO THE MOLECULES/ THEY USED WOR "EQUATIONS'". ' 
SOME OF THE NAMES THEY USED FQR PARTICLES WERE DIFFERENT FROM THE ONES 
WE USE. IN GENERAL, THEY FOUND THE FOLLOWING OCCUR IN THEIR OBSER- 
VATIONS: . . : ' • / • 

CHLORIDE CRYSTALS WERE CUBE-SHAPED. " ^ 
SULFATE CRYSt|aLS VffiRE NEEDLE-SHAPED. 
..' NITRATE. CRYSTALS WERE ANGLE-SJiAPED . - ^ 

AND IN'. A FLAME "COPIUM" MADE IT RED. . 

"SCHOOLIUM" MADE IT GREEN. 
' »<CEACHIUM" MADE IT YELLOW. 



TASK I: COMPLETE THfi FOLXOWING WORD, EQUATIONS BY FILLING IN THE* 
BLMJK LINES. , . ^ 

A. SCHOOLIUM + TEACHIUM SULFATE —r-^ TEACH lUM + . SULFATE 

B'. COPIUM + SCHOOLIUM CHLORIDE SCHQOLIUM + COPIUM 



^C. COPIUM + .TEACHIUM SULFATE ♦ + ^COPlUM SULFATE ' _ 

D. POTASSIUM + COPIUM CHLORIDE — ^ ^ + POTASSIUM CHLORIDE 

i - ' /' 

TASK II- KEEP IN MIND THAT THE FOLLOMttNG COLORS ARE- PRODUCED ^N FLAMES 
BY THE INDIVIDUAL UNIT PARTICLES: COPIUM PRODUCES RED; SCHOOLIUM PRO- 
DUCES GR^N; TEACHIUM PRODUCES YELLOW. ^ 

NOW IN THE ABOVE WORD EQUATIONS, PiIacIE A ^^ON ALL THE SUBSTANCES WHICH 
COULD. MAKE -A FLAME YELLOW, AND AN R ON^ ALL THE SUBSTANCES WHX^H WOULD 
MAKE A FLAME RED. 
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TASjC III: 'KEEP* IN MIND THE OBSERVATIONS THAT CHLORIDES FORM CUBES, 
SULFATES FORM. NEEDLES, AND NITRATES FQRM ANGLED, CRYSTALS . NOW IN THE 
FOtLpWING I^IS-I^.OF SALT MOLECULES PLACfe A SQUARE □ NEXT TO THE 

MOLECULES YOU E'XPECT TO) FORM CUBES WHEfj THEY 'CRXSTALLIZE AND A LINE, , 

.l^XT TO THOSE Wh'II^H YOU EXPECT TO FORM NEEDLES. HERE IS THE LIST. 
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A. POTASSIUM CHLORIDE 

p. COPIUM SULFATE 

C. TEACHIUM CHLORIDE 

.D. TEACHIUM 'SULFATE 

E. .COPltJM NITRATE 

F. -SODIUM CHLORIDE 

G. ^SCHOOLIUM NITRATE 

H. COPPER NITRATE 
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SITUA'^igN BETTY WAS I^WESTIGATING A CERTAIN WHITE CRYSTALLINE 

'SOLID.* SHE FOUND THAT IT, WOULD MELT WHENEVER IT WAS PLACED NEXT. • 
TO h- SURFACE WITH A TEMPERATURE OF 45°C. THE FOLLOWING GRAPHS 
REPRESENT THE VOLUME-TEMPERATURE PROPERTIES OF FOUR DIFFERENT PAIRS 



OF WATER SAMPLES 




Sample Sample 

' MEASURES 
Pair 




/ 



Sample 
C 



1 

Sample 
D , 
MEASURES 

Pair 14 



1 ..II 2 X 
Sample Sample 

MEASURES 




2 3 
Sample 
G 



1 2 
Sample J 
H ' 
MEASURES- / 
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]_« IN THE j^LANK SPACES BELOW ENTER THE NUMBER OF h.e.U.'s IN EACH 



PAIR #1 
PAIR #2 
PAIR #3 
PAIR #4 



SAMPLE A. 
SAMPLE C._ 
SAMPLE E. 
SAMPLE G. 



SAMPLE B._ 
SAMPLE D._ 
SAMPLE F. 
SAMPLE H. 



2. TO THE RIGHT OF EACH PAIR OP GRAPHS CONSTRUCT A GRAPH WHICH SHOWS. 
THE VOLUME-TEMPERATURE PROPERTIES OF THE MIX OBTAINED WHEN THE TWO 
SAMPLES OF THE PAIR ARE^^OURED TOGETHER. NOTICE THAT THE FIRST ONE 
IS ALREADY DONE FOR YOU. 

« 

3. NOW LOOK AtWhE GRAPHS OF THE PAIRS OF WATER SAMPLES' (BEFORE: THEY 
WERE MIXED), WITH YOUR PENCIL MARK THE h.e.U.'s ON THE GRAPH .WHICH 
ARE TR?UJSFERRED OUT FROM ONE OF THE SAMPLES IN EACH PAIR. NOTICE 
THAT THE FIRST ONE IS ^ALREADY DONE FOR YOU, BELOW. 



Pair '#1 




1 12 
Sample Sample 
A B 



^23 

Mix V 
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• 


1 


4 RRTTV PniTNTFi TMZIT TMT? TaTHTT"!? r'DVCrpATC MT?Mn^TrMVTT?T^ T?At)TTT?t> TA7r^TTT MT?T rn 
^* J. J. X rvjuiNU in/\l Incj WriX -irj CKiolALio rLCjlN X XU1N1!jL/ l!iAKljXi!jK WUUIjU rLtiJji 

.WHEN PLACED NE^CT TO^SAMPLE F. WHICH OF THE OTHER SAMPLES CAN ALSO 
MELT THE CRYSTALS? ''A^ 'B^ C, E OR G? CIRCLE THE LETTERS OF THE K 
SAMPLES - , ■ - 




1 


' 5. THE MIX^ y^YSE FROM SAMPLES" E AND F COULt) ALSO MELT THE- CRYSTALS. 
THIS WOULD HAPPE^^ BECAUSE; ' , 






A. THE MIX CONTAINg"" ALL THE h . e . U . ' S ^ Of' EACH SAMPLE . 

. ■ B. THE TEMPERATURE ' OF THE mX WAS HIGH ENOUGH TO MELT THE 
St)LlD. , 

C . TME- MIX CONTAINS ' SO MUCH MORE* WATER THAn' THE SEPARATE 

SAMPLES.* ■ . , 

■If _ . , . 

6. IT WOULD BE' EXPECTED THAT THE WHITE SOLID WOULD BE MELTED BY ALL' 
THE MIXES BECAUSE: * ' v 

A. EACH SAMPLE MAKING; UP THE ifiX COULD ^MELT TJiE SOLID. ^ ' ■ 


« 




B. THE MIX- CONTAINS MANY MORE .h -e .u. ' s THAN THE SEPARATE 'SAMPLES. 






C. THE STATEMENT. IS REALLY NOT "TRUE. . , ' ' . 






' * \ ' ' . ' • ' 


• 










t 

* * • 












^ e ^. — ^— — ^ ■■ — 
















. ' ^ — Z ' n .. ^ 


* • 
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SITUATION II: MURlT^L HAD A LARGE CONTAINER WI-TH 10 MEASURES OF 
WATER m IT. THE TEMPERATURE OF THIS SAMPLE WA^ ICC. SHE PLACED 
INTO THIS LARGE SAMPLE OF WATER A SmXlL STOPPERED TUBE CONTAINING - 
ONLY. 1 MEASURE OF HOT TEA. THE TEMPERATURE OF THE TEA WAS 80 "C. 
HERE -ARE SEVERAL STATEMENTS ABOUT* THIS SITUATION. X:iRCLE THE 'LETTER 
OF THE' RESPONSE WHICH BEST COMPLETES EACH STATEMENT. 

!• ,IF MURIEL CALCULATED THE HEAT ENERGY IN EACfl SAMfLE BEFORE S«E 
PLACED THE TUBE^Jii^EA IN THE LARGE SAMPLE OF WATER, SHE WOULD FIND 
THAT: . ' . ' • L ■ 

. ' r ^ - • \ ^ 

A. ^ BOTH SA^^'£:S CONTAIN THE SAME AMOUNT OF. HEAT ' ENERGY . 

• • * 

i ' B. ^HE SMALLER SAMPLE OF TEA CONTAINS -kORE HEAT ENERGY THAN . 

THE LARGER SAMPLE OF WATER. , 

C. '^HE LARGER SAMPLE OF WATER ^CONTAINS MORE, HE A^ ENERGY THAN 
• * THE SMALLER SAMPLE OF '"TEA. • 

'2. * after'" THE Tl|BE WITH THE ..TEA WAS SITTING IN THE WATER SAMPLE FOR 
A ^FEW' MI^UTPS MURIEL SHOULD -EXPECT THAT: ' ' . * 

^ k. HEAT ENEIRGY WOIJLD BE TRANSFERRED OUT OF^THE SMALLER SAMPLE. 

B-. HEAT ENERGY, WOULD BE TRANSFERRED^ OUT ftF THE LARGER SAMPLE . 

' . C. ' TH^RE WOULD BE NO ^RANSFER OF HEAT Eb^ERG^ FROM EljJ^ER S7U|4PLE', 



3' AFTER THE-TUBfe WITH THE Te'a.WAS \ LEFT IN THE) CONTAINER OF WATER 
FOR ABOUT. 10 MINUTES MURIEL DE-CIDEIKtO MEASURE' THE TEMPERATURE OF 
.EACH SAMPtE.-. SHE SHOULD B^ECT^TO FIND'^HAT: ' » - ■ 

A. THE TEMPERATURE OF BOTIS' SAMPLES WOULD BE THE SAME. 
* * . ... / 

' ' 'b. THG TEMPERATURE OF, THE SAMPLE OF TEA WOULD BE HIGHER THAN 
THE LARGER SAMPLE OF WATER. ' ^ . 

C. THE 'TEMPERATURE OF THE LARGER 'SAMPLE" OF WATER WOULD BE 
HIGHER THAN THE S{4ALLER SAMPLE OF TEA. ~ 



V AFTER lOlmNUTES MURIEL WOULD NOTICE THAT: , ^ 

A. "THE ORANGE TEA COLOR HAD SPREAD THROUG^iOtJT THE LARGER , 
CONTAINER OF WATER. . * ^ 

B. THE 'orange COLOR OF THE T^A HAD BECOME DARKER. 

C. . THERE* WAS NO CHANGE IN THE COLOR OF THE LIQUID IN EITHER 
' ""CbNTAINER. ---x ' , ■ • ' . ' ' 
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ffXT^yiriQii;.'!!!; DARRELJf. PUT A METAL BTCYCLE IN" HIS ROOM..' THE 
TEMPERJ^URE OF. THE ROOM WAS. 25''C. LATER WHEN HE TOUCHETD THE METAL 
PARTS- OF THE BICYCLE' IT" MADE HIS HAND* ^^L'COdl^. . HE KNEW THE . • 
I'feMPfiRATURE OF HIS -apDY WAS GENERALLY ABOUT" 37»C. • 

- ■ ' * , I ' ' t • ' * • ' ■ » • ' > 

1. --IN, EXPLAINING to .HIS HAND PELT COOL WHEN HE TOUCHED "fHE alCRE 
DARRELL* RE^ONED THAT .THIS WAS BECAUSE-: V . / '' 

AK METAL'S ALWAYS FEEL CpOL TO THE OUCH , i . . ' ' 

\ - . ' . - > ' ' ' " 

, ■ - B. THERE WAS A TRANSFER OF HEAT ENERGY^ ^ROM HIS HAND* TO 
THE BIKE . . i",-- , ' ■ \ ' ^ 

A pers6n'*"S body . ■ 



?1 



C . HEAT ENERGY ALWAYS^ TRANSFERS OUT OF 



2. ■ IN THE SUMMERTIME HE STORED- THE BIKE IN A CLOSED., ROOM IN WHICH 
THE TEMPERATURE WENT UP TO 40°C (THAT IS, 104° ON TifiE FAHRE^J^EIT _ 
SCALED.- WHAT MIGHT DARRELL NOW EXPECT TO FEEL- AS 'HE PICKED yP 
- HIS METAL BIKE? ^ . [ ' ' 



A. 



B. 



C. 



IT WILL FEEL HOT SINCE ITS TEMPERATUPjl IS 'HISHkR THAN _ 
DARRELE'S BODY TEMPERATURE w ^ ^ ^ . - • 

IT mth STILL FEEL COOL TO THE TOUCH SINCE THE BIKE IS I^ADE ' 
OF METAL. ' ,v- ■ ■ 



IT WILL FEEL NEITHER COOL NOR HOT SINCE THE TEMPEilATURE IS 
NORMALLY HI;@H IN THE -SUMMERTIME. " . • « 



SITUATION JV: SUPPOSE THAT ■ YOU HAVE 5 MEASURES OF WATER AT 15°C IN A 
METAL CUP SiJSPENDED IN A LARGE CONTAINER HOLDING 10 MEASURES OF WATER 
AT 10 °C..' SOON- HEAT ENERGY. WILL BE TRANSFERRED FROMT ^ 

A. THE WATER OUTSIDE TO THE WATER INSIDE THE CUP BECXuSE 
THERE ARE FEW^ h.'e.u. 's TN THE WATER IN THE CUP. 

B. INSIDE THE CUP TO THE OUTSIDE, BECAUSE HEAT ENERGY ' • 
TRANSFERS FROM HIGH TEMPRATURE TO LOW-' TEMPERATURE . 

IN NEITHER DIRECTION BECAUSE THERE IS NO DIRECT CON- 



TACT BE/TWEfiN THE TWO SAMPLES OF WATER. 
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HgRE YOU WILL FIND PAIRS OF STATEMENTS. ONE OF TfiE STATEMENTS IN EACH 
PAIR IS TliUEl.AND THE OTHER ^S NOT TRUE. ^AD BOTH STATEMENTS 
SILENTLY TO'^YOURSE^F WHIJjE I READ THEM ALOUD TO YOU. AFTER i HAVE 
>9EAD BOTH STATEMEOTS DRAW' A CIRCLE AROUND THE LETTER OF THE STATEMENT 
WHICH is .TRUEv - • ' . . 



ERIC 



A, HEAT ENERGY IS TRANSFERRED ONLY JRO^-A REGION OF LOW 
TElMPERATyRE TO A REGION OF HIGH TEMPERATURE. > 

B* ^HEAT ENERGY IS TRANSFERRED ONLY. FROM A REGION OF HIGH^ 
*f * TEMPERATUJ^E TO A REGION OF LOW TEMP^RATUl^ . 



\ 



2. WHEN TWO SAMPLES OF WATER- ARE MIXED: 



A. THE HEAT. ENERGY OF THE MIX IS THE SUM OF THE HEAT 
ENERGIES OF THE TWO SAMPLES. , 

• - n • ' 

^. THE TEMPERATURE OF THE M3^ IS THE "SUM OF THE TEMPERATURE 
OF THE TWQ. SAMPLES . • ' \ 



WHEN. A SAMPLE OF A SOLt^BLE SUBSTANCE IS PLACED IN CONTACT WITH^ 
WATER, ITS MOLECULES:. J ' ^ ' ' . 

A. ' SPREAD out UNTIL THEIR CONCENTRATION IS THE SAME ^ 

THROUGHOUT ALL THE WATER,; INCLUDING WHE^ THEY WERE 
.ORIGINALLY PLACED. 

^ . ' . " ' t ' 

B. SPREAD OUT INTO THE WA^ER AND CONCENTRATE IN REGIONS 
AWAY FROM WHERE THE SAMPLE WAS FIRST PLACJiD.' 



Or 



A. A SAMRI4E OF PURPLE COLORED GAS WILL DIFFUSE THROUGip THE / V 
AIR AND BECOME LIGHTER IN COLOR AS IT iJOES. 

B. A^SlJMPLE OF PURPLE COLORED GAS WILL DIFFUSE^^!ROUGH THE 
. AIR AND DARKEN AS IT DOES^SD. 
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1. A TeX' bag' is PLACED" in A LARGE POT FILLED WITH WARM WATER. • 
WHAT WILL BE' OBSERVED IMMEDIATELY? '/ 

■ A. ALL THE WATER" IN THE POT' WILL BECAME, AN .ORANG? Ci)LOR, 
•HIE COLOR OF THE -TEA. ' ' '. . ' ; . 

• • B. ONLY THE ^TER- AROUND THE TEA BAG WILL BECOME AN ORANGE 
• COLOR. •_ . 

■ . ■ .• . ■ r. 

^ e. WATER IN , DIFFERENT PARTS OF .THE POT WILL BECOME AN 

' • ORANGE 'COLOR. ' . - V ■ 



2. AFTER A FEW MINUTES, ,WE WOULD EXPECT THAT: • , ■ • ' 

; - •■ ' ' • ,• ■, ■ .-^ - 

\. ALL THE WATBfR IN THE POT WILL. BECOME THE SAME ORANGE' 
■ ' COLOR. ' - ' - ' • 

•B.' ALL THE WATER WILL BE ORANGE BUT THE COLOR. 0% THE 
WATfiR NEAR THE SIDES OF THE POT WILL- BE LESs . 

C. THE ORANGE- COLOR WILL BE OBSERVED ONLY NEXT TO THE - 
? SIDES OF THE TEA-POT.' ^ •,- ' 



.3. BOB BROUGHT SOME' VERY SWEET SMELLING ROSES TO JAN. SHE PUT 
THEM IN |A ROOM AND TIlEN TOOK A NAP. , WHEN SHE AWAKENED, SHE' SHOULD 
EXPECT THAT: ' * ' - . 

■r 

A. THE ODOR OF THE RQSES WOULD BE OBSERVED ' JUST AROUND THE 
FLOWERS. - . 



B^s^ THE ODOR OF THE ROSES WOULD PROBABLY BE OBSERVED 
' THROUGHOUT THE ROOM. 



'C. THE ODOR OF THE ROSES WOULD BE OBSERVE.D ONLY NEAR THE 
WINDOWS AND DOOR. 
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SEQUEMCk I:- THES5; PICTURES REPRESENT A BAG OF COLORED SOLUTION AND 
.SOME CLEAR WATER. THE MOLECULES OF WATER AND OF DISSOLVED COLORED 
SUBSTANCE CAlJ' MOVE 'THROUGH. ITS WALLS. PLACE AH. A ON T!!E PICTURE 
WHICH .SHOWS WHAT MIGHT BE FIRST IN ' THE SEQUENCE AND A Z ON THE 
PICTURE' WHICH SHOWS WHAT WOOLD BE H^P'PENING' LAST IN THE SEQUENCE. 






SE-QUENCE 'II : * -THESE t>ICTURES ALSO REPRESENT A SEQUENCE OF EVENTS 
WHEN -A COLORED 'SOLUTION IS PLACED NEXT TO WATER BUT SEPARATED BY . 
WALLS OF A CELLOPHANE BAG THROUGH WHICH ALL THE MOLECULES CAN MOVE. 
; AGAIN PLACE AN /I ON THE PICTURE WHICH SHOWS WHAT MIGHT BE FIRST IN 
THE SEQUENCE AND A Z ON THE PICTURE WHICH SHOWS WHAT WOULD BE 
HAPPENING LAST IN .THE SEQUENCE." , , . ' 






SEQUtNCEi III: CLEAR WATER AMD A THICK SYRUP . CONTAINING SUGAR MOLECULES 
WERE POURED INTO THE SA^ffi^TEST TUBE. THE X's IN THE PICTURE REPRESENT 
THE .SUGAJR MOLECULES. .PLACE AN /I ON THE PICTURE WHICH REPRESENTS THE 
BEGINNING OF .THE SEQUENCE AND A Z ON THAT PICTURE OF THE SEQUENCE AFTER 
THC' MIXTURE HAD BEEN STANDING FOR A TIME.. 







/- 




— ^ 












^x 




















X X 
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SEQUENCE IV: THE FOLLOWING GRAPHS REPRESENT A SERIES OF TEMPERATURE 
MEASUREMEMTS taken at' i)IFFERENT B09ITIONS ALONG A METAL SPOON THXt IS 
SITTING IN A CUP FILLED WITH VERY HOT CHOCOLATE. FIV?^ TEMPERATURE 
MEASUREMENTS ARE MADE: Jl WAS MADE AT A" POSITION 0N*-T]HE SPOON 
.CLOSEST TO THE HOT LIQUID. #5 WAS MADE ON THAT PART OF^THE gPOON 
FARTHEST AWAY.. A RECORD OF THE TEMPERATURES WAS MADE P^D A" GRAPH 
WAS CONSTRUCTED TO SHOW HOW ,.THE TEMPERATURES AT THE DIE'F^ERENT .POSITIONS 
ALONG THE- SPOON COMPARED' WITH EACH OTHER. 




■ ) 





0 



a) PLACE AJU^UNBER .5JHE GRAPH WHICH BEST REPRESENTS THE TEMPERATURES, 
YOU WO^^^XP®feT""% DIFFERENT PCJSITIOliS ALONG" THE SPOON. 



Eh 

Pa 
s 




w 

Pa 
:^ 

M 
Eh 




Eh 



1 2 "3 4 
POSITION 



# 1 2 3 4 5 
POSITION 



#12 3- 4 5 
. POSITION, I 
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b. IF ALICE SHOULD DECIDE TO PICK UP THE SPOOW/ AT WHAT 
> POSITION SHOULD SHE PLACE HER FINGERS? 



A. AT POSITION' #1 

B. AT POSITION #5 

C. AT POSITION #3 



THE SPOON IS TAKEN OUT OF THE HOT CHOCOLATE AND PLACED 
ON THE TABLE. JAFTER ABOUT 20 MINUTES ALICE MEASURES THE 
TEMPERATURE AT THE SAME FIVE POSITIONS ALONG THE ME^AL 
SPOON. ON THE CHART BELOW' PLACE DOTS TO SHOW WHAT A 
RECORD OF THE FIVE DIFFERENT TEMPERATURES ALONG THE 'SPOON 
WOULD LOOK LIKE. THE TEMPERATURE AT POSITION #3 IS 'ALREADY' 
ENTERED. 



pa 



# I 2 3 _J _5_ 
. POSITION—^- 
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SITUATION I: DARRELL VISITED A' SCIENCE CLASS AND* OBSERVED THREE TEST 
TUfiES TO WHICH BLUE FOOD COLORING HAD BEEN .ADDED/ ,THEY LOOKED LIKE THE 
DIAGRAMS BELOW. THfe DOTS SHOW WHERE''THE BLUE FOOD COLORING WAS SEEN. 



TUBE A 



TUBE B 



TUBE C 



1. WHICH TUBE PROBABLY HAD BEEN STANDING THE LONGEST TIME? 



2. WHICH TUBE WAS THE LjEGHTEST BLUE COLOR? 

^ 

SITUATION II: JAN HAD A SMALL FISH BOWL SHAPED LIKE A BALL. SHE 
FILLED IT ALMOST TO THE TOP WITH LIQUID GELATIN. BEFORE THE GELATIN 
IN THE BOWL SET, JAN PLACED S0M!E RED FOOD COIiORING AT THE BOTTOM OF 
THE BOWL. AFTER THE QETLATIN HAD SET SHE PLACED SOME BLUE COLORING Olt 
TOP OF THE GELATIN. THE BOWL LOOKED LikE THAT SHOWN BELOW IN FI.GURE D. 





FIGURE D 



FIGURE E 
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V ~ \ ' 

IN FIGURE D:- ^ r . _ 

6 REPRESENTS WHERE RED .IS SEEN. 

• represents' WHERE BLUE IS SEEN-.' ' ' 

. ■ /. • . ' ■ .. 

1.. IN FIGURE E, SKETCH ^i^HAT THE BOWL WOU:^D LOOK "tlKE AFTER SEVET«^L 
WEEKS> REMEMBER THAT ©'STANDS FOR BLUE .AND O STANDS -FOR REp. 

2. WHAT WOUDqj^ THE COLOR NEAR THE TOP?, ^^J^ " 

3. WHAT VIOUW BE THE COLOR NEAR THE MIDDLE? ' • - 



IN FRONT OF'EACH OF THE FOLLOWING STATEMENTS ABOUT THE MOLECULES OF 
FOOD COLORING JN THE .FISHf EpWITT^SIRCLE THE Y FOR^YES IF YOU AGREE; 
CIRCLE THE iV, -'for NO,' IF YOtJ DO 'ifcT'AGREE. . 

» ' ' * 

Y N 4^ ALL TH^ MOLECULES OF THE RED FOOD COLORING MOVED TO THE 

TOP, AND THEM SOME SANK DOWN DUE TO GRAVITY* 

J 

Y N 5. ONLY THE MOLECULES OF THE RED. FOOD COLORING IN THE TOP 

LAYER MOVED, UP; THE OTHERS DIDN'T MOVE. 

Y N 6. ALL MOLECULES OF BOTH FOOD COLORS MOVED IN ALL DIRECTIONS. 

r 

Y N * 7. >THOSe' WHICH HIT THE BOWL EITHER' STOPPED OR MOyED BACK 

INTO THE GELATIN AGAIN. 

Y' N/ 8. THE DIFFERENCE 'in SHADES/ OF COLOR SHOW MOLECULES fflOVED . 

FROM LOW CONCENTRATION TO HIGH CONCENTRATION REGIONS. ^ 

Y N 9. ALTHOUGH MOLECULES MOVED RANDOMLY IN ALL DIRECTIONS, 

THE OVERALL RESULT IS PREDICTABLE. 
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SITUATION III: SIX 'CHILDREN (DAVID, GENE, PETEr\ JANE , PAULINE AND 
HENRY) DECIDED TO HAVE A CONTEST TO SEE 'WHICH ONE CCiULD GET TO A SPACE, 
MARKED GOAL, FIRST, AS SHOWN IN <FIGURE F. THE RULE OF THE CAME IS 
THAT THE RESULT OF ^SPINNING THE .POINTER 0^" ,A SPINNEK/ AS SUOm IN 
FIGURE DECIDES EACH MOVE." A^io^JHER RULE OF THE GAME IS THAT MOVES CAN 
ONLY BE, MADE FROM OtiE ^MALL CIRCLE '^'CJ^AJJOTHER- ON THE GRID.-'^'IF A PLAYER 
CAN NOT MAKE THE MOVE SHOWN, .(BECA'USE TflBj, MOVE WOULD* TAKE HIM OFF THE 
GRID) he' LOSES HIS. TURN, AND STAYS WHERE fiE. IS UNTIL HIS NEXT TURN. 

figur6 f goal ■ 

Q ^ 0 



FIGURE. G 



© e G G Q) 



GENE ^ ■ 
JANE 
(START) 



G O G O 



(B— (3 O 6^ 6) 



4 — e ® 



6 
t 



N 

DAVID 
HENRY 
(START) 



• 










F \ 




' W R 











THE GAME 
GRID X 



•PETER 

PAULINE (START) 



THE SPINNER 



DAVID'S FIRST TWO MOVES'WERE L AND E , (LEFT ANtT-FORWARD) . - GENE'S FIRST 
TWO MOVES WERE BOTH F'5. PETER MOVED F AND .R (RIGHT) . ' JANE, PAULINE 
AND HENRY ALSO TOOK THEIR 'TURNS. A B ON THE SPINNER WOULD MOVE SOME- 
ONE BACKWARDS . - " t » 
k1. place a G, and P on the game VrID to show where DAVID, iJENE 
AND PETER ARE AFTER THEIR SECOND TURNS. ■ 

FOR EACH OF THE FOLLQWING STATEMENTS.: CJRCLE J'HE Y IF YOU AGREE WITH' 
THE STATEMENT; CIRCLE THE N IF YOU DO NOT AGREE; -CIRCLE THE C IF YOU 
CAN'T TELL. ♦ ' " ^ ' 

Y, N,. C AT THE BEGINNING', PETER -AND ■ PAULINE' HAVE A BETTER - 

/^ANCE- BECAUSE T^iEI« PATH IS STRAIGHT TO THE GOAL. 



Y, ,N, C. 3. 



ALTHOUGH HE'S HAD_2 F '5 IN A ROW, , GENE 'HAS THE SAME v 
CHANCE OF G:6tTING an F as. PETfeR DOES ON THE THIRD SPIIJ. 

■ . ■ \ • ^ - ■ ■ 
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Y, N,,- C 



N, 



N, 



Y, N, Q 



Y, n, C 



4. the' C5ANCE CPROBABILITY), OF LOSING A TURN, AT THE ^' • 
BEGINNING IS GREATER FOR DAVID JH AN IT IS FOR GENE.^ 

5. THE CHANCE (PROBABILITY) OF LOSING .A TURN, AT THE 
"beginning is greater FOR PETER .THAN FOR GENE.,' 't ' ' 

1 

6 . THE CHANCE . (PROBABILITY) OF LOSING A TURN OX THE "PHIRD 
, TURN IS GREATEli FOR , PETER .THAN FOR DAVID. , 

m I , " ■ 

V 

7. AFTER THE SIX CHILDREN HAD feACH TAKEN FIVE TU^NS,, (SeNE 
WAS pjiOgEST TO THE GOAL. . ■ . ' > 



\ 



8. THE MORE TURNS THE CHILDREN TAKE, THE "MORE LIKELY IT 
• IS THAT THEY WILL BE EVENLY SPACED OUT ON THE GRID. 



1 



Y, ' k/ C 9. 'this GAME IS AN EXAMPLE OF THE SAME KIND OF MOVEMENT 



WE BELIEVE MOLECULES MAKE. 



1 
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IN^ A mathematics' class morris and RITA WERE PLAYING A 
NUMBER-SUMS GAME. THEY USED A 4rSIDED ' BLOCK FOR THE 
GAME AS SHOWN TO THE RJGHT.' .EACH FACE IS IN THfe ' ' 
SHAPE OF .A TRIANGLE. ~ THE SIDES pF ' EACH TRIANGLE ARE 
ALL EQUAL AND ALfi FOUR TRIANG£E-S ARE THE SAME "SIZE. 
EACH' FACE OF ^THE ^LOCK IS LABELLED WITH A DIFFERENT^ 
NUMBER.' THE SIDES* WITH THE ,3 AND 4 ARE HIDDEN mOVi 
VIEW. THE , ARROWS t>01NT TO THEM; (HAVE YOU XnY 
QUESTIONS .ABdU^ THIS' OBJECT?) MORRIS. AND- RITA TOOK 
TURNS THROWIN^ THE BLOCK. .EACH PLAYER MADE TWO THROWS 
OF THE BLOCK, AND KEPT A RECOREl OF THE NUMBER ON THE 
FACE ON WHICH THE.BLCCK LANDED.' AFTER THE TWO THROWS 
EACH PLAYER Ad6eD UP HIS SCORE — THAT IS, ADDED UP 
THE ^UMBERS "ON THE FACES ON WHICH THE BLOCK LANDED. 
ALL POSSIBLE SUMS FOR TWO THROV^ LISTED. IN THE GRID 








1' 2 1- 3 1 


4 • 

1 




1 


2.: 3 




5 




2 


■ 3 ; 4" 


5 


6 




3 


4 i 5 
6 


6 




4 


1* 


T 



IP- 



SUMS 



AS 



ON HI§ FIRST TURN /'-MORRIS GETS THE PAIR (3/1) FOR WHICH THE SUM,' 
ion CAN SEE FROM THE GRID, IS 4. • 

NOW^. READ EACH OF THE FOLLOWING STATEMENTS . • IF YOU AQREE VlTH THE 
STATEMENT i c/rCLE THE Y FOR YES;' IF YCfU DO NOT AGREE , 'fe^IRCLE THE N FOR 
NO; IF YOU CAN'T- TE^L CIRCLE' THE C. REMEMBER THAT THER^ ARE TWO THROWS 
FOR EACH TURN. ' • ^ 



Y, N, 



Y, ,n; 



RITA HAS A BETTER THAN EVEN CHANCE OF WINNING ON HER ' 
"TURN. ■ . , 

THE.^- CHANGE OF RITA GETTING A 4 IS LESS BECAUSE MORRIS. 
ALREADY GO, A 4. ' . 



Y', Nr" C 3# RITA SHOULD -EXPE.CT A 5 MORE THAN ANY OTHER SUM. ^ 
Y, N, C 4. IF RITA WINS" THIS TURN, MOI\RIS SHOULD" WIN THE NEXT ONE. 



Y,(V N, 



C 5. to 'SUMS OF TWO THROWS RANGE FROM 2 THROUGH 8, A TOTAL 
OF SIX SEPARATE VALUES^ IN A SERIES OF SIX TURNS, EACH 
VALUE WOULD HAVE TO OCCUR AT -LEAST ONCE. 

^ - > , . ^ 
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y, N," C 6. MORRIS SHOULD EXPECT TO GET A SUM GREATER THAN 4 ON HIS 
NEXT TURN. » ' " ' 



MORRIS AND RITA PLAYED FOR A LONG 'TIME AND KEPT TALLIES OF THE SUMS 
THEY GOT AND WHO WON ON.EACH TURN.' 

Y, • N, C 8. IN A LONG SERIES OF TURNS, MORRIS AND RITA SHOULD EACH 
WIN ABOUT AN EjQUAL NUMBER OF TURNS. • 

I ' 

Y, N, C 9. IN A LONd SERIES OF TURNS, THERE .SHOULD BE ABOUT TWICE 
^ AS MANY S's AS THERE ARE 7's. 
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Y, N, C 7. MORRIS SHOULD EXPECT TO GET A SUM LESS THAN 6 ON HIS 
NEXT TURN. 



1 



Y, N,. C '10. AS A G^RAL RULE, THE MOT(e TURNS THERE ARE, THE GREATER 
IS- THE CHANCE OF GETTING AN EXTREME, \/ALUE , SUCH AS A 2 
OR AN 8. i 

Y, N, C 11. AFTER 10 TURNS, THE TALLY. OF SUMS, FOR ' MORRIS^' DATA, 

AND THE' HISTOGRAM OF THE SUMS, LOOKED LIKE THE FIGURE . 
" MARKED M. RfTA ' ^ TALLY OF HER DATA AND ITS HISTOGRAM 
IS MORE LIKEL^jTO LOOK LIKE THAT MARKED ' /I THAN THE ONE 
MARKED B. ' ' 

y) N, C 12. AFTER 100 TURNS, BOTH "TALLIES , AND HISTOGRAMS OF THE ■ 
DATA, OBTAINED BY MORRIS AND ' RITA SHOULD BE ALMOST 
IDENTICAL. ■ 

Y,' N, C 13. I^- MORRIS ANdNrITA STARTED NEW TALLIES AFTER COMPLETING 
THEIR 100th TURN^v^ND MORRIS' DATA FOR HIS NE^T TEN 
■ TURNS 'PRODUCED A TALLY LIKE THAT IN FIGURE M. RITA'-S 
TALLY FOR HER lOlst TO 110th TURNS WOULD ^ LOOK MORE LIK^ 
A THAN B. * • , . 
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ONE CX^OyoV SUMMER ^DAY, JAN, LOIS MD PHIL WERE PLAYIliG IN AN OPEN FIELD 
IN THE' PARR. IT STARTEd'tO RAIN, AT FIRST. PHIL FELT. A FEW SPRINKLES. 
THEN LOIS S^^A RAINDROP LAND ON A LEAF,. /LATER, AFTER THE CHILDREN HAD 
FOUND SAFE SHELTER, THE RAIN SHOWER TURNED^ INTO A VIOLENT "ft^IUNDERSTORM, 
LASTING^ ABOUT dNE HOUR. I 

THE' FOLLOWING ARE S:rATEMENTS ABOUT HOW THE RAINDROPS FELL. YOU WILL 
FIND *IT' HELPFUL TO ^RECALL WHAT YOU LEARNED ABCfUT THE GEIGER COUNTER'S 
RECORD OF EVENTS. . 

- 2 ■ " 

1. THE FIRST DROPS FELL ON PHIL: ' 
\A. .BECAUSE HE^ WAS. LARGER THAN THE GIRLS. 

^ 'B BY CHANCE . ' ^ * . 

• G. FOR SOME OTHER REASON. 

9 

% . ^ 0 

2. JAN THOUGHT OF THE FIELD AS DIVIDED INTO SQUARES, ONE-METER ON EACH 
SIDE. THE BATE A* WHICH THE RAINDROPS FELL INTO A CERTAIN SQUARE. 
WOULD* HE*: 

A. THE SAME AS FOR. ALL THE OTHER SQUARES. 

^ B. greate;r for those squares in /the western part of the park than 

FOR'THOSE IN THE EASTERN.,-. 
C. DIFFERENT THAN MOST OF THE^OtHER SQUARES. 

3. TP GET A,GQOD MEASURE OF THE AVERAGE OF HOW MUCH RAIN WOULD FAI^L IN 
THE FIELD, A DEVICE CALLED A RAIN GAUGE SHOULD BE PLACED: 

' A. UNDER A DRAIN FROM THE ROOF OF THE SHELTER HOUSE,. 

B'. IN THE CENTER OF THE OPEN FIELD. 

C. IN THAT SQUARE WHICH HAD THE AVERAGE AMOUNT OF RAINFALL IN 
.THE LAST STORM. 

4. LOIS WANTED TO, KNOW HOW MUCH /RMN FELL /iN EACH SQUARE FOR EACH 
MINUTE.' SHE HAD .FOUTQD OUT ' HOW TQr DO THIS FROM TH? NATIONAL WEATHEl^ 
SERVICE/ AND SO 'sHE MADE THE MEASUREMENTS DURING THIS STORM. WHEN SHE 
ANALYZED THr'RESULTS OF THE MEASUREMENTS SHE FOUND THAT IN >THE -FIRST 15 
MINUTES OF THE STORM, WHICH WAS VERY BLUSTERY AND VIpLENT BEFORE IT^ 
MOVED TO ANOTHElR AREA, THE AMOUNT OF^ RAIN FALLING PER MINUTE WAS: 



A. ALL VERY SMALL IN EVEIJl^SQUARE . 

B. BOTH, SMALL AND LARGE IN MOST OF THE SQUARES., 

C. - VERY LARGE IN ALL .THE SQUARES. ^ ' 
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. 5 • THE AM6UNT OF RAIN FALLING PER MINUTE ^MEASURED ON ONE RA;EN GAUGE 
IN THeSoPEN F'IELD F^ the entire duration of the storm (ON^ HDjJR) WAS: 

A, INCREASING REGULARLY AND THEN DECREASING REGULARLY. 

B» GENERALLY LARGER DURING THE MIDDLE DF THE STORM BUT, EVEN THEN, 
IN SOME MINUTES VERY SMALL AMOUNTS WERE RECORDED . 

C'.'. IN EXACTLY THE SAME PATTERN AS.. WOULD "HAVE BEEN MEASURED AND . 
RECORDED IN ANY OTHER PART OF THE FliELD. 
. ■ . • • - • . ft 



6 . IF TEN "rain GAUGES WERE PUT IN WIDEL? SEPARATED OPEN 
FIELD IpURIN^ THE RAIN STORM/ WHICH OF THE FOLLOWING STAT 
BE TRUE ABOUT THE AMOUNTS OF RAINFALL RECORDED^' . 

CIRCLE THE 7 FOR YES; CIRCLE THE N FOR NO. 



El^BWs 1 
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WOULD 
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Y- N 
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A. EACH AREA' WIL3&K RECORD THE SAME TOTAL AMOUNT FOR THE 60 
•MINUTE (ONE-HOUR) PERIOD 0F T^B STORM. 

B. THE PATTERNS OF HEAVY AND LIGHT RAINFALL WOULD BE IDENTICAL 
AT EACH gauge; ' 

C. THE d;j:FFERENCES, or variations ''(variability) , IN AMOUNTS 
OF "RAINFALL PER MINUTE AT A. PARTICULAR GAUGE WOULD BE 
greater THAN THE DIFFERENCES BETWEEN THE AVERAGE AMOUNTS 
RECORDED FOR EACH MINUTE BY ALL -THE GAUGES. , 
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7. BAR GRAPH'S -"WERE MADE TO SHOW THE AMOUNTS OF RAINFALL MEJ^SURED BY 
EACH OF 'THE TEN RAIN GAUGES REFERRED -TO IN QUESTION 6 ABOVE. DATA 
WERE TAKEN EVERY 5 MINUTES. A BAR SRAPH WAS 'ALSO , MADE OF THE AVERAGE _ 
AMOUNT OF RAINFALL REGISTERED BY THE TEN RAIN-GAyGES DURING THE 60-MIN- 
;UTE' PERIOD OF THE STORM. • THE SOLID-LINE GRAPHS IN BOTH FIGURES H AND I 
BELOW SHOW THE AMOUNT OF RAINFALL AVERAGED FROM ALL TEN GAUGES. EACH- 
'•HAS A DOTTED LINE GRAPH DRAWN UPON IT TO , SHOW- AMOUNTS OF RAINFALL THAT 
MAY HAVE BEEN MEASURED BY ONLY A SINGLE GAUGE. WHICH ONE OF THE SETS 
OF GRAPHS (FIGURE H OR 17) MOST LIKELY REPRESENTS WHAT WAS ACTUALLY ' 
MEASURED BY A GAUGE IN THE FIELD? ^ 
WRITE YOUR ANSWER ON THIS LINE. - 



WHY DID YOU SELECT THAT FIGURE? 
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SEQUENCE I: HERE I& A PIC1?URE OF Ht)W SOME- BLACK AND WHITE MARBLES WERE 
ARRANGED, IN A DISH^ 




7 



THE DISH T^AS THEN PLACED 01^ *A TABLE WHICH WAS SHADING. AS A RESULT OF 
THE SHAKING 6^ 'WE TABLE THE MARBLES MOVED AROUND IN THE DISH . PLACE ' 
A 2 ON THAT PICTURE WHICH SHOWS ' THE ARRANGEMENT OF THE, MARBLES AFTER 
THEY HAD BE;EN SHAKING FOR A CONSIDERABLE LENGTH OF -KIME; PLACE AN* M ON 
THAT PICTURE WHICH SHOWS THE MOST LIKELY ARRANGEMENT AFTER ABOUT HALF 
THE LENGTH OF TlIjlE OF SHAKING. KEEP IN MIND THE INITIAL ARRANGEMENT 
OF -MARBLES BEFORE .,§^HAKING.'- , * ^ • 
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SEQUENCE II: THE DOTS IN' THESE PICTURES REPRESENT SOME. BLUE VITRIOLS- 
MOLECULES. THE CLEAR PORTION REPRESENTS WATER. THIS SYSTEM IS ALLOWED 
TO STAND FOR SEVERAL DAYS. MARK THAT PICTURE WHICH SHOWS THE SITUATION 
EARLY IN' THE SEQUENCE WITH AN A AND MARK A Z' ON ^HE P-iCTURE WHICH SHOWS 
THE SITUATION AFTER A.LONG PERIOD OF TIME.' / 
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1. JANICE WALKED TO THE, TOP OF A HILL"!, SHE CARRIED A BALL WITH HER. 
.WHEN SHE REACHED THE TOP OF THE HILL , iJARRELL , WHO WAS ,AT THE BOTTOM 
OF THE HILL, THREW A SECOND BALL TO HER. COMPARE THE POTENTIAL' 
ENERGIES OF THE FIRST AND SECOND BALLS WHEN THEY ARE AT THE TOP OF'i^THE 
HILL. ' ' 

A. T^J SECOND BALL* HAS MORE POTENTIAL ENERGY. 

•B. 'JANICE'S FIRST BALL HAS MORfe POTENTIAL ENERGY. 

C. BOT^ ^ALLS^HAVE TH^ SAME 'POTENTIAL ENERGY. 

' * ' J" ' 

2. DEAN CARRIED a'bASKETBALL FROM THE BASEMENT OF HIS HOUSE TO THE ^ 
ROOF. HE FOUND ANOTHER BASKETBALL ON THE ROOF. COMPARE THE POTENTIAL 
ENERGIES OF. THE TWO BASKETBALLS. 

A. THE ONE HE CARRIED UP HAS MORE POTENTIAL ENERGY. 

_ B.. THE ONE THAT WAS ALREADY UP THERE HAS MORE POTENTIAL ENERGY. 

C. THEY both' HAVE THE SAME AMOUNT OF POTENTIAL ENERGY. 

3. DIANE EXERTED 10 FORCE-UNITS TO LIF^ A BRICK 5 FEET. THEO STOOD' 
ON THE ROOF OF HER HOUSE AI^D PULLED UP A BALL 20 FEET" TO THE TOP. 
THEO EXERTED 5 FORCE-UNITS TO RAISE THE BALL. .COMPARE THE POTENTIAL 
E5^ERGIES OF THfe BALL AND THE BRICK AFTElf THE^ WERE LIFTED. 

^ . ' \ • ' ^\ - ^ - 

a. the ball has more potential energy. 

b: the brick has more potential energy. ' \ ' ' ''■ 

- ^ c* they both have the same amount of potential energy. 
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1. ARNOLD HA"S A LAWN MOWER AND HE " CALCULATED VERY CAREFULLY HOW 

MUCH WORK IT TOOK 'TO PUSH ,IT. HE FOUND THAT THE AMOUNT OF WORK HE PUT 
INTO THE MOWER DID. NOT EQUAL THE AMOUNT OF WORK THE MOWER DID. WHICH 
STATEMENT IS TRUE? ' . \ig ^ ^ 

A. THE MOWER WtLL ALWAYS DO MORE WORK THAN IS PUT -i^TO IT. • 
, B. THE MOWER'-WILL ALWAYS DO LESS WORK *TgAN IS PUT INTO IT. 

.C. SOMETIMES THE MOWER WILL DO MORE WORK AND .SOMETIMES LESS WORK. 

2. - ARNOLD WANTS TO SHOW THAT" THE TOTAL AMOUNT OF WORK HE PUT lijTO 

THE LAWN MOWER CAN BE .ACCOUNTED FOR. IN AtAlTION TO THE AMOUNT OF WORK 
THE MOWER DOES WHAT ^ELSE SHOULD HE CALCULATE? 

^ A. THE AMOUNT OF POTEIsKtIAL ENERGY PRODUCED AS THE MOWER CUT. 

B. 'THE AMOUNT OF HEAT ENERGY PRODUCE!? AS THE MOWER CUT THE GRASS. 
C' THE 'AMOUNT OF HEAT ENERGY PRODUCED BY THE SUN. 

3. ARNOLD DOES'*^OT LIKE THE IDEA OF PUTTING SO MUCH MORE WORK INTO THE 
MOWER THAN HE GETS OUT. WHAT SHOULD HE DO? " 

" *A.. GET A'LARGER MOWER. . * . • , ^ 

B. OIL' THE MOWER TO REDUCE FRICTION. ■ . ^ 

C. :OIL THE MOWER TO INCREASE FRICTION. ' 

• * 

4. PRETEND YOU ARE ON ANOTHER PLANET IN SPACE WHERE THERE IS NO 

friction.- a pendulum- bob is pulled back and " released . what will 
eventually happen to the pendulum? ■ , 

a: .it' will evejjtually^.^top moving. 

B. . IT WILL TEND TO SPEED UP. * 

C. ■ IT WILL/kEVBR STOP . 



\ 



5.^ WHAT POSITION WILL THE PENDULUM REACH AT B^ICH SWING? 

A. TH^ SAME HEIGHT. 

B. A LOWER HEIGHT. 

C. A HIGHER HEIGHT; 
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6.- WHY WOULD IT BE DIFFICULT TO 'PLAY GOLF ON THIS FRICTIONLESS 
PLANET? ' . ' 

THE PLAYER COULD GET A PERFECT SWING EACH TIME. 

B. THE BALL WOULD STOP ROLLING TOO SOON. 

C. .THE BALL WOULD NEVER STOP ROLLING. 
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SITUATION I: MORRIS IS ON A SWING WHICH 
LOOKS LIKE THE ONE IN THE PICTURE. THE 
LETTERS By 'D AND E REPRESENT 
DIFFERENT POSITIONS ThXt THE SWING^WILL 
REACH, WHEN IT IS' SWINGING. MORRIS AND 
THE SWING ARE PULLED BACK TO POSITION 
A AND THEN RELEASED. . 



1 



A . 




B 



s 



1. at which position is morris' p0tent4al energy the greatest? 
, a. at position a. ^ . ■ * 

. .b. at position b. ^ . , ' 
c. at position c. 

2. at which position is his kinetic energy the greatest^ 
a. - at position a. ' ' . 

b', at position B. ' 

c. at position c. . '' - • / 

3. at which twa positions is his potentiali' energy about the same? 

■ A. AT POSITIONS A and B. . 
^ B. AT POSITIONS B and C, 
C. AT POSITIONS A and D. , 
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4. AT WHICH POSITION IS MORRIS MOVING THE FA'STEST? 

A. POSITION A. 

B. POSITION B. 

C. POSITION C. ' 

5. AT WHICH. POSITION' IS MORRIS MOVING THE SLOWEST? 

A. AT POSITION A.\ ' " , " . ' ' , ' 

B. AT P'OSITIOl? B. ' " ' 

C. * AT POSITION C. ' ■ 

6. MOftRIS SWINGS FROM POSITIONS TO TO B TO C TO d, AT POSITION' C 
WHAT^CWJ BE SAID ABOUT MORRIS' SWINGING? ' , 

*X. HE IS SPEEDING UP. f . 

B. HE IS SLOWING DOWN. ' ' . ' 

. C. THERE IS NO WAY TO TELL. 




7. WHAT WILL PROBABLY CAUSE THE" SWING TO STOP? / 

A. MORRIS' WEIGH;r. . • ° ^ 

B. ■ THE LENGTH OF THE ROPES HOLDING TCHE SWING. 

. " C. THE RUBBING OF PARTS OF THELSWING AS IT MOVES. 



8; WHAT WILL HAPPEN. TO THE TEMPERATURE AT THE POINT WHERE THE ROPES 
HOLDING THE SWING ARE ATTACHED A^ THE- TOP? . , 



A. NO CHANGE WILL OCCUR 

B. '"THE /TEMPERATURE WILL 

. li 

C. THE TEMPERATURE WILL DECREASE. 
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9. SOMEBODY PLACES A BOX IN FRONT OF THE SWING NOW SO THAT MORRIS' 
LEGS HIT IT WHEN HE SWINGS DOWN. IT GETS MOVED WHEN MORRIS BUMPS . 
INTO IT. HE DECIDES TO SEE FROM WHICH POSITION HE SHOULD START SO 
THAT THE BOX WILL MOVE THE FARTHEST. HE " SHOULD START TO SWING FROM': 

A. POSITION E.. 

B. . POSITION k. ' ' ' . 



C. IT MAKES NO DIFFERENCE. 
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SITUATION II: JOE AND ARNIE' WERE BATTING BALLS. LOIS WAS THE PITCHER 
AND SHE ALSO CAUGHT THE BALLS TJ]^- BOYS BATTED. JOE COULD SWING HIS 
BAT/IPSSTER THAN ARNIE.* HERE 'ARE THE QUESTIONS. CIRCLE THE LETTER 
OR THE ANSWER yOU PREFER./ ^ >s ^ 

1. WHAT WOULD SHE HAVE OBSERVED ABOUT THE SPEED THE BALLS SHE 
CAUGHT FROM JOE COMPARED WITH THE ONES FROM ARNIE? 

A. THE SPEEDS WERE ^HE SAME BECAUSE BALLS CAN GO ONLY SO FAST. 

B. ' JOE '>§. BALL WAS 'faster BECAUSE HIS 'FASTER SWING GAVE IT MORE 

kine'tic energy. 

c'. ' arnte's. 'ball was faster because he didn't have to work so ■ 

HARD. ' ... 

\ 

■2. LOIS' GLO'VE BECAME VERY WARM AFTER SHE CAUGHT EAC!h BALL. THE 
MOST LIKELY^ REASON FOR THIS IS J'HAT : ' 

A. A -BALL GETS- VERY WARM AS IT MOVES THROUGH THE AIR. 

B. THE KINETIC ENERGY OF THE MOVING BALL IS CONVERTED TO HEAT 
. ENERGY WHEN IT IS CAUGHT. ' . 

C. • BASEBALL IS -USUALLY PLAYED IN THE SUMMERTIME WHEN IT IS MUCH 
WARMER THAN IN THE WINTERTIME. 

3. IP llOIS WANTED HER GLOVfi^OT TO GET SO WARM, SHE SHOULD PICK THE . 
BALL UP AFTER IT HAD BOUNCED,- ON THE GROUND BECAUSE: 

^ A. IT WOULD THEN HAVE LESS KINETIC ENERGY. 

B. BOUNCIN(g COOLS IT OFF. ' • 

'C. - IT WOULD BE MOVING FASTER AFTER IT BOUNCfiD . 
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SITUATION III) BOBBY GOES DOWN A SLIDE AT A PLAYGROUND. *-?^T THE TOP 
OF THE SLIDE HE HAS 100 UNITS. OF ^OTENT*IAL ENERGY. AS HE SLIDES HE 
NOTICES THAT THE SLIDE AND HIS JEANS BECOME WARM. 

1. WHAT WOULD YOIKPREDICT ABOUT BOBBY'S KINETIC ENERGY AS HE LEAVES 
THE SLIDE BEFORE. HE LANDS? ' • ^- 

A. HE WILL LEAVE THE SLIDE WITH 100 UNITS OF KINETIC ENERGY. 

B. HIS KINEffIG ENERGY WII*L BE LESS THAN 100 UNITS WHEN HE LEAVES 
THE SLIDE. 

* > 

,C. HE WILL^ dAIN ENEI^GY AND. LEAVE THE SLIDE WITH MORE THAN 
100 UNITS OF KJNET'IC ENERGY. 



2. IF BOBBY WANTS TO GO OFF THE SLIDE WITH ALMOST TWICE AS MUCH 
KINETIC ENERGY^ AS HE DJD BEFORE, HE SHOULD: 

.A. RUB WAX ON THE SLIDE SO HE CAN ^DOWN FASTER. 

p. - CHOOSE A -SLIDE THAT IS TWICE AS LONG BUT* NOT AS KIGH. 

« /« 

C. CHOOSE A SLIDE THA'T IS TWICE AS HIGH BUT NOT AS 'LONG . 

3. IF BOBBY WANTS TO MAKE SURE HIS JEANS DON'T GET SO WARM, Hfi 
SH0T3LD: ' 

A. RUB SOME WAX ON THE SLIDE. 

* B^. GO DOWN AS QUICKLY AS POSSIBLE. ' ' 

C. EITHER OF THE ABOVE,' 
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SITUA'TION IV: A BALL ROLLS BACK AND FORTH ON THE- COASTER AS SHOWN." IT 
IS RELEASED FROM POSTION 1, ROLLS TO POSITION 2, THEN ROLLS BACK AGAIN. 
AT POSITION 1, WHERE IT STARTS, IT HAS 50 UNITS OF p6TENTIAL ENERGY WITH 
RESPECT TO THE GROUND. CIRCLE THE LETTER IN FJIONT OF THE CI^OJCE YOU 
PREFER AS AN ANSWER TO EACH ITEM'. * ' ' 

1. WHEN IT ARRIVES AT POSITION 2, THE BALL HAS 40 UNITS OF POTENTIAL 
ENERGY. THE AMOUNT OF HEAT ENERGY PRODUCED IN THE SURFACES WOtJLD BE 
EQUIVALENT TO:^ ' . ' 

'hi 10 UNITS OF . ENERGY — THE DIFFERENCE BETWEEN '50 AND 40. 

B. 5 UNITS ~ HALF THE DIFFERENCE SINCE IT 'hAS TO GO BACK AGAIN. 

C. 20 UNITS — ^INCE IT CAN STILI. MOVe D ONWARD S . 



2. WHEN THE BALL ARRIVES AT POSITION 3, IT HAS 



\ 




A J . MINIMUM PSqTENTIAL ENERGY". 
Bi MAXIMUM KINETIC ENERGY. ' ^ 

C. BOTH STATEMENTS ARE TRUE.*^ 

] . ■ ■ 

3. WHEN IT ARRIVfiS AT POSITIOl^ 3, ROLLING FROM POSITION -2, THE BALL 
IS FOUND TO BE MOVINQ WITH KINETIC ENERGY EQUIVALENT T-6 30 UNITS. THUS 
IT 'CAN BE INFERRED THAT AFTER IT LEFT POSITIION 1 AND FINALLY CAME TO 
POSITION 3: . " . . - . • 

A. ■ ITS KINETIC ENERGY WAS PRODUCED -AT THE EXPENSE OF HEAT 

ENERGY. , ' 

B A TOTAL OF 20 UNITS OF HEAT ENERGY WAS PRODUCED. 

C. NO MORE HEAT ENERGY WAS PRODUCED GOING FROM 2 TO 3 . .THE. 
ENERGY WENT INTO MORE KINETIC ENERGY. 
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4, .THE BALL THEN ROLLS UP TO POSITION 4 AND STOPS BEFORE ROLLING 
DOWN AGAIN. WITH THE BALL AT THIS POSITION, 4, THE .ENERGIES OF THE 
BALL AND SURFACES COUEt) BEST BE DESCRIBED AS: 

A. ,A BALL WITH AB^UT 20 UNIT^OF POT^TrAL .ENERGY AND SURFAC^IS 
WITH ABOUT SC^UNITS OF HEAT ENERG^ 

B. A BALL WITH 20 UNITS' OF POTENTIAL ENERGY, 20 UNITS OF 
KINETIC ENERGY AND 10 imTS , OF HEAT ENERGY DiSTRIBUTEb 
OVER THE SURFACES. ' 

' C. A BALL WITH A UOTAL OF 50 UNITS OF HEAT ENERG^ ^ 
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State and Jurisdictional Summaries 



Appendix A provides a listing of sumnriary information submitted by the States and other 
Jurisdictions for the National Water Quality Inventory Report for 1976. 

These summaries have been excerpted directly from reports receiver! fi'im each State and 
Jurisdiction. The reader can obtain more complete informatior, by writing to the applicable agency 
included on the title page which precedes each of the following summaries. 



APPENDIX A 

Summary - State of Alabama 



Complete copies of the State of 
Alabama 305{b) Report can be 
obtained from the Agency listed 
below: 

Alabama Water Improvement Commission 
State Office Building 
Montgomery, AL 36104 
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Introduction 



In 1974, tht first water quality report to Congress in 
•ooordince with Section 305(b) of Public Uw 92-500 for 
th^ Stitt of Alabama was. prepared. The result was a 
voluminous report which rK>t only included « statewide 
rtvttw of water quality for 1974 but also contained 
detailed information concerning the fourteen river basins of 
Alabama. This information included a description of each 
basin, water uses in the basin, water quality of the basin, 
and noni>oint source pollution in the basin. For 1975, the 
water quality report to Congress will follow a format 
similar to that used for the 1974 report; however, in the 
interest of brevity, the report will only concern itself with 
water quality* 

New information in the form of relative condition 
factors for selected Alabama fish is included in the 1975 
report, and it is expected that such additions wilt be 
included in subsequent reports as data are made available. 
The relative condition factors were computed by using the 
formula Kn = ^ , where W equals the weight of a fish of a 

specific length and W is the computed weight for the same 
length, derived from the equation = aL'^ for particular 
species in Alabama river systems. The w values were taken 
from Tsb/es for Computing Relative Conditions of Some 
Common Freshwater Fishes by W.E. Swingle and E.W. 
Shell. After individual values were computed, an overall 
average for all fish at the station was reported. 
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Completion of 1975 statewide trend station monitor* 
ing produced data comparable to that obtained during 
1974. There was, however, an 8.3 percent increase in 
stations which met current water quality objectives during 
1975 as compared to 1974. A total of 43.6 percent of the 
trend stations met water quality objectives during 1975, 
while 35.3 percent of the trend stations achieved current 
water quality objectives during 1974. Various reasons for 
this improvement tn water qSality will be discussed in later 
portions of this report. 

It must be kept in mind that the majority of the 
trend stations were chosen in order to monitor problem 
areas in the State and, therefore, the data presented cannot 
be used to draw precise analogies with the status of r^uality 
In other areas of the State. It should also be r?icogniz»fd that 
the gradual implementation of industrial and/or municipal 
treatment facilities will manifest itself in an upgrading of 
water quality in trend station data over time. 

Although some improvement in water quality was 
observed during 1975, two years of monitoring data is still 
insufficient for observation of long-term trends. Hopefully, 
a period of five to ten years will produce monitoring data 
of statistical significance with respect to changes in water 
quality. This period should also coincide with the comple* 
tion of the majority of treatment facilities now in various 



stages of progress, and the expected enhancement of water 
quality should be evident. 

There are, however, situations where the ultimate 
achievement of water quality objectives is most doubtful. 
Although improvement in quality may be observed, it is 
anticipated that such areas will experience a level of quality 
•less than that desired for some time into the future. Such 
situations are encour^Aered when natural flows of receiving 
streams are consiaerably less than the amount of effluent, 
treated, or inadequately treated waste presently entering 
the stream. 

Total number of trend monitoring stations and 
stations meeting water quality objectives are indicated in 
Figure 1. Paiameter measured at those stations are listed in 
Table 1. 

TABLE 1 

WATER QUALITY DATE AVAILABLE 
FROM THE ALABAMA WATER IMPROVEMENT 
COMMISSION TREND STATION NETWORK 



*Air temperature 
•Water temperature 
* Dissolved oxygen 
•00 percent of saturation 
•Biochemical oxygen demand 
•pH 

•Alkalinity 
•Hardness 
•Color 
"Turbidity 



•Nitrates 
•Chlorides 
•phosphates 



•Monthly. 
••Quarterly. 
•••Annually. 



•Total dissolved solids 
•Total suspended solids 
•Volatile suspended solids 
• Fecal coliform 
•Flow 
•Weather 
•Date collected 
•Time collected 
••Iron 
••Copper 
••Zinc 
••Chromium 
••''Cyanide 



Non-point Source Pollution 

With the majority of the Commission's available 
resources primarily concerned with point source pollution, 
degradation of water quality resulting from non^point 
source pollution has not been the focus of extensive 
evaluation throughout the State. However, with improve- 
ments in the point source area, identification and imple* 
mentation of non-point source pollution abatement will 
ensue as resources permit. The Commission has taken some 
initial steps in the area of non-point source pollution, and 
it is expected that information obtained from the comple- 
tion of the 208 planning processes will help to identify 
non»point source pollution and costs associav^d with 
attainment of water quality goals where control of non- 
point source pollution is involved. 
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FIGURE 1 

WATER IMPROVEMENT COMMISSION 
TREND MONITORING STATIONS AND 
WATER QUALITY STATUS 



60 




1974 1975 



TOTAL NUMBER OF STATIONS 

STATIONS MEETING WATER QUALITY OBJECTIVES 



NOTE: TREND STATIONS WERE CHOOSEN TO MONITOR PROBLEM AREAS IN THE 
STATE AND DATA OBTAINED AT THESE STATIONS ARE NOT INDICATIVE 
OF THE OVERALL STATUS OF THE WATER QUALITY IN THE STATE. 
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Silviculture 

The Commission has adopted certain forest practices 
guidelines intended to address water quality problems 
which may be associated with silvicultural practices. These 
guidelines suggest the use and maintenance of buffer zones 
and incorporate other recommendations concerning 
silvicultural activities near watercourses. In ad<^ition, a 
three-year study to evaluate water quality problems ond the 
effectiveness of these guidelines was initiated during the 
summer of 1975 with the hope that data generated from 
this study would give some insight into water quality 
problems associated with operations in Alabama. In con- 
junction with the adoption of guidelines, a cooperative 
statewide educational program between the Commission 
and the State Forestry Association aimed toward the forest 
Industry was initiated. The use of radio, television, and 
newspapers, along with training sessions, comprise the bulk 
of this educational approach. 

Construction 

Cooperation between the State Highway Department 
and the Commission in the lOrm of Commission staff 
review of highway project proposals and subsequent recom- 
mendations by the staff to ensure water quality is another 
step to reduce non-point source pollution. 

Non-point source polluti'^n arising from dredge and 
fill projects is being kept to a minimum as a result of the 
state certification program under the provisions of Section 
401(a)(1) of the Federal Water* Pollution Control Act 
Amendments of 1972. All proposed projects are reviewed 
by the staff to ensure that water quality will be maintained 
before projects can proceed. 

Mining 

In 1974, the Commission adopted certain surface 
mining regulations in an effort to address non-point source 
pollution from the mining of minerals in the State. These 
regulations require the submittal of pollution abatement 
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plans prior to the initiation of mining. This prior planning 
for protection of water quality, when coupled with Staff 
Inspection activity, has been most successful in addressing 
the water pollution problems associated with mining. 

Agriculture 

Non-point source pollution problems which result 
from agricultural activities are handled on a compliant 
basis. The majority of these compliants are concerned with 
feed lot operations and aerial application of pesticides. In 
the former instance, relatively simple and inexpensive 
treatment and management practice* are available, and the 
Commission's staff works in close cooperation with the Soij^ 
Conservation Service and other agriculturally oriented 
agencies to correct these deficiencies when encountered, in 
addition, informational materials relating to proper disposal 
of animal waste are made available and distributed 
throughout the State. 

The Commission's staff worked closely with the 
Department of Agriculture in the development of regula* 
tions concerning the aerial application of pesticides, and 
participates with the Department to correct problems 
associated with pesticides where appropriate. 

Fish Mortality Associated 
with ISIon-point 
Source Pollution 

During 1975, twenty nine (29) fish kills were 
investigated by the Commission's staff of which seven (7) 
were attributable to non-point source pollution (Table 2), 
while during 1974, eleven (11) fish kills were attributal>le 
to this same cause. Tne reduction for 1975 is manifested in 
the reduced number c ' pesticide related fish kills, and it is 
felt to be indicative of an increased awareness of the 
problems which can result when the careless use of 
economic poisons prevails. It is hoped that in the future, 
the number of pesticide related fish kills will decrease as the 
users of these economic poisons become increasingly aware 
of the hazards involved. 
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TABLE 2 

SUMMARY OF 197$ FISH KMU W 
RIVER BASIN AND CAUSE 



i 




I 



1^ I 



I 

5 



RIymt BmIh 

Altbtra 3 

Coosa 3 
Chsttahoochee. . 1 

Eictmbia 1 

Mobile 5 

Ptrdido 1 

Tennessee 11 

Werrior 4 

Tote! 29 



2 1 



1 1 



1 - 2 

1 

4 1 

2 

16 2 5 
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Summary • State of Alaska 



Complete copies of the State of 
Alaska 305(b) Report can be obtained 
from the State agency listed below: 

State of Alaska Department of Envi- 

ronmen^l Conservation 
Pouch O 

Juneau, AL 99811 
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Since the State of Alaska did not provide a short 
summary in its 305(b) Report, this summary consists of 
excerpts from that report. The following summary was 
provided by EPA Region X. 

t 

Current Water Quality 
and Recent Trends 

Alaska reports that its waters are generally in com* 
piiance with water quality standards except in a few areas 
that are discussed witithin the document. Some percentage 
of waters within Alaska do not meet standards due to 
natural conditions. The extent of these conditions was not, 
and presently cannot, be quantified. Parameters associated 
with man-induced pollution problems in the State include 
bacteria, dissolved oxygen, pH, toxic sulfite waste liquor, 
oil, and suspended solids. 

There is an apparent need for an improved water 
quality surveillance program in Alaska (including trend 
stations and intensive surveys).. Present assessments are 
based on marginahto*inadequate data; interpretations and 
extrapolations of the data are unreliable. Obtaining a 
minimum data base in Alaska would l3e costly. Transporta- 
tion difficulties and extreme weather conditions make 
sample collection costs almost prohibitive. Region X does 
not include Alaska stations in the National Water Quality 
Surveillance System (NWQSS) because the cost to maintain 
even a fev stations would exceed its monitoring budget 
allotment for the entire four*state region. Additional 
surveillance funds earmarked specifically for Alaska would 
be necessary for the Region to initiate NWQSS stations in 
the State. 



Water Quality Goals 
and Control Programs 

Alaska's water quality standards are its water quality 
goals, and control programs are designed to maintain those 
standards, in its 305(b) Report for 1976, the State makes 
the judgement that most waters presently meet Federal 
1983 goals. Point source pollution control programs and 
associated improvements are discussed for several areas, 
even though most improvements can only be discussed 
from a qualitative standpoint. Non-point source programs 
are at an infant stage. 

Costs and Benefits 

Alaska has made an effort toward defining costs 
involved in meeting 1983 goals, where there are data 
ivailable. The State expresses concern over existing and 
proposed effluent guidelines, which may curtail the pulp 
and paper and placer industries. Alaska has identified 
benefits that will be derived by maintaining good water 
quality, but could not quantify them. 

Non-point Sources 

Alaska has identified six major non-point source 
categories of concern. They are siliviculture in southeast 
Alaska, where a great amount of logging takes place; urban 
runoff in major cities like Anchorage (Alaska's largest city); 
village sanitation; road and pipeline construction; waste oil 
disposal; and placer mining. Natural high sediment levels 
occur in many of the streams in the State; with little water 
quality data available, it is virtually impossible to 
differentiate between natural and man*caused pollution 
from non-point sources. This point is repeatedly addressed 
in Alaska's report. 
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Summary - State of Arizona 



Complete copies of the State of 
Arizona 305(b) Report can be 
obtained from the State agency listed 
below: 

Bureau of Water Quality Control 
Division of Environmental Health 
Services 

Arizona Department of Health 

Services 
1740 West Adams St. 
Phoenix, AZ 85007 
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Background Information 

Arizona has a wide variety of climatic zones, but 
most of the State receives less than 20 inches of precipita- 
tion a year. Over half the State receives less ^nan 10 inches 
per year. Evaporation rates are high. 

The quality of surface water in Arizona, in general, is 
near levels associated with natural conditions. The State is 
fortunate not to have reached the critical point of 
environmental deterioration that has occured elsewhere in 
this cpuntry. Thus, Arizona's water quality program is 
concerned more with maintenance than with restoration. 
However, it Is essential that problems be recognized and 
comprehensive plans developed in time to combat future 
demands on» water resources, provide control of water 
quality, and provide control of water pollution. Much of the 
water quality information and studies needed to .define 
problenns and provide solutions to water quality problems 
in the State is inadequate. Data used to prepare this report 
was limited to that which was readily available. Con* 
sequently, this report is not as specific as might be 
desirable. It is difficult to cite specific violations in water 
quality because quantity and quality of data are not 
adequate for this purpose at many locations. 

Water Quality 
and Violations 

A total of 336 violations of surface water standards 
were observed in 1975; 80 in the Fixed Station Network, 
48 in the two intensive surveys, and 208 in the Lake 
Eutrophication Survey. Other violations were observed op 
miscellaneous samples from time to time, but they have not 
been tabulated herein 

Water quality is highly dependent upn the geology 
and morphology of the receiving watershed. In this arid 
region, surface water comes mainly from surface runoff and 
shallow precipitation. Base flow is small and can be highly 
- mineralized Runoff from rainfall and snow melt can be of 
good mineral quality but high in suspended sediments. In 
additioji, irrigation of soils can contribute significant 
amounts of unleached salts. During the intensive surveys of 
the past three years, potential violations In bacteriological, 
turbidity, pH, toxic metals, and proposed nutrient 
standards were observed. High turbidity levels following 
runoff events are common throughout the State. Sources of 
this turbidity remain to be identified. 

Bacteriological problems are associated with agri- 
cultural and recreational waters. The two uses are often 
concurrent, making it difficult to judge the sanitary 
significance of violations in indicator organisms. Potential 
problems have been observed in the Verde River, Oak 
Creek, the Colorado River, and the Salt River Lakes 
(Roosevelt, Apache, Canyon, and Saguro). 

Problems with toxic metals can occur downstream 
from mining activities in mineralized areas. Areas of 
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concern are the lower reaches of the San Francisco River 
and San Pedro River, and the reach of the Gila River from 
Coolidge Dam to the Ashurst-Hayden Diversion Dam. 

Violations of nutrient standards, specifically total 
phosphates, are presumed to be related to municipal and 
agricultural discharges. However, some contribution may be 
attributed to leaching of natural phosphates from soils. This 
relative proportion that is contributed by each source 
remains to be determined. 

Trends 

The bulk of data is still too scarce to adequately 
delineate major trends in water quality, but, with continued 
operation of the Fixed Station Network, this deficiency 
will eventually be alleviated. 

Some improvements in water quality have occurred in ' 
water bodies that serve as receiving streams for treatment 
plant effluents. The improvements are traceable either to an 
improvement in the quality of the effluent due to new 
plant construction and/or better operating techniques or to 
a discontinuance of the discharge altogether. 

Water quality in some areas has shown a decline 
because development was so rapid that adequate waste 
treatment facilities could not keep up. Small existing plants 
became overloaded and had to discharge inadequately 
treated water. The Pinetop-Lakeside area has been plagued 
with failing septic tank systems for years. This problem will 
hopefully be remedied soon with the construction of a new 
centralized collection and treatment system. Other areas 
with similar problems inclMde Greer, Bullhead City, the 
Parker Strip and areas near Prescott. 

Some degradation of groundwater supplies may have 
already taken place. There is concern about the 
Globe-Miami area, the area south of Tucson and a new 
proposed operation in the Tombstone area. Implementation 
of a groundwater monitoring network should determine the 
extent of the problem and will undoubtedly uncover some 
more problem areas. 

Program Impacts 

In the past, water quality has been Inadequate to 
assess, not only current water quality conditions, but also 
long range trends and changes that had resulted from 
programs of the Bureau, other agencies, and private 
industry. Recent program activities, resulting from Public 
Law 92-500, have been significant steps taken to alleviate 
this deficiency. Intensive surveys were conducted in an 
effort to begin establishing background levels of water 
quality. A fixed station network has been implemented to 
monitor long-term water quality trends and, hopefully,, to 
flag serious degradations in surface water quality at the 
earliest possible stages. The compliance monitoring 
program, an integral part of the National Pollutant 
Discharge System (NPDES), has helped to improve general 
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maintenance and operation of treatment plants across the 
State, resulting in a oetter quality effluent. 

The greatest positive impact has been on the con- 
struction of waste treatment facilities. Such construction 
has allowed Arizona to maintain the quality of its receiving 
waters at*" near natural levels. Twenty-three treatment 
facilities have been built in the five years preceding FY 76. 
Twelve facilities were upgraded and eleven were new 
systems. Five of the new systems reused the effluent in 
some manner, while six facilities created new discharges 
which may constitute a degradation rather than an upgrad- 
ing of water quality. 

The permit program, while controversial, has had the 
benefit of forcing facilities to be concerned about the 
quality of their effluent. But the program will cause an 
unnecessary economic loss by upgrading facilities (such as 
lagoons) that are not causing any problems with receiving 
waters. Problems will also occur when facilities are unable 
to meet monitoring requirements. It is difficult to go from 
no self-monitoring to levels required by 1977. This is 
particularly true where private laboratories and municipal 
laboratories are either nonexistent or at minimal levels. The 
changes in test methodology that are occuring will keep test 
procedures in turmoil for some time. Some facilities will be 
reluctant to purchase expensive test equipment for a 
particular test (coliform-MPN vs. MF) when test proce* 
dures are uncertain. 
* The impacts of basin planning activities and Section 

208 planning activities will take some time to materialize 
because they are, by design, long-range planning programs. 
However, increased State and Federal presence may have 
some immediate benef IcicI impact on programs dealing with 
water pollution. Several ot the basin plans, prepared under 
contract by outside consultants, are either completed or in 
the final draft stages. The rest will soon be completed. The 
208 planning process is still in its early stages. The 
Governor of Arizona has designated the six regional 
Councils of Government (COGs) as the official Section 208 
planning a gencies. The Bureau 's input and role in 
coordinating these activities has not yet been determined. 

Much of the early program grant documents sub* 
mitted in response to deadlines imposed by PL 92-500 and 
subsequent EPA regulations were of necessity hastily 
prepared and are of questionable value. The time spent 
preparing such documents has delayed working aspects of 
various State programs. In a State like ours where staffing is 
meager, the time lost to ongoing projects has been 
> Significant. Lost working time can be justified by planning 
activities that result in future time savings. It remains to be 
seen whether or not such savings will be realized. 

The facilities inspection program and the operator 
trainir.g and certification program probably have the fnosi 
visible impact on water quality, at least on the quality of 
wastewater treatment plant discharges. Deficiencies in plant 
operation and maintenance that are discovered during 
routine inspections are often cotrected either on the spot or 
shortly thereafter. As a result of the operator training 
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program, the general knowledge of Arizona's plant oper* 
ators is slowly but steadily improving, the end result being 
more competently operated treatment plants. 

Water Use 

The principal water use in Arizona is irrigation 
agriculture. Two-thirds , of the water used is pumped from 
groundwater reservoirs. Total yearly water use is estimated 
at 7.7 million acre-feet, 5 million acre-feet of which was 
pumped from groundwater storage. 

Future uses will rema'ui similar, but there will be 
changes in the use pattern. Municipal and industrial usage 
will increase. Agricultural usage may decrease as ground* 
water supplies are depleted. 

Segments where 

Water Quality Standards 

Will Not be Met 

Full implementation of Public Law 92*500 should 
help maintain the existing wafer quality Ir/els of Arizona 
waters. Some problem areas will be corrected through 
construction and permit activities. However, some problems 
may remain. There will be problems with streams that 
discharge only following rainfall events. Such streams are 
subject to flash flooding and tubidity levels in excess of 
State standards. Normally dry streams that receive a 
well-treated wastewater discharge may also present prob- 
lems. Stream reaches below mineralized areas may have 
prqblems with meta.'s accumulation. 

Costs to Achieve 

« 

Water Quality Goals 

Costs to support the construction grant program and 
State water pollution control program, as administered by 
the Arizona Department of Health Services through 
September of 1981, are estimated at $617,949,000. Tote' 
construction needs are $612,249,000 of the total dn>ount 
JProgram support should require a minimum ot 
$5,7000,000, but this level of funding is unlikely. State and 
Federal budgets appear to be committed to near current 
funding levels for program activities; thus $2,450,000 is apt 
to be available rather then $5,700,000. This will mean that 
SG.ne programs may not be implemented prior to 
September 1981 while other prpgrams will receive a lower 
priority. 

Control of Non-Point Sources 

Non>point purees may contribute bacteria, turbidity, 
toxic metals and nutrients to Arizona waters in amounts 
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sufficient to cause violations in water quality standards. 
The nature of the problem has yet to be delineated. It will 
likely take several seasons to identify and quantify such 
problems. Sampling sites for such problem identification 
need to be established. Some locations for non»point source 
identification were included in the primary monitoring 
network as required under Section 106 appendix regula- 
tions as published on August 28, 1974. However, other 
stations needed for non»point source evaluation could not 
be justified bec<3use the Section 106 regulations allowed for 
only intensive surveys and primary stations. Since the 



parametric coverage required at primary stations was both 
extensive and inflexible, adequate resources were simply 
unavailable. The current proposed regulations allow for 
more flexibility at "Fixed" stations. The new regulations 
should allow for study of problem areas that require more 
time than that needed for intensive studies but do not 
warrant the expense of long-term stations with compre- 
hensive parametric coverage. When data are available to 
identify sources and pollutant levels, control measures will 
be studied. Implementation of such control measures cannot 
be^ delineated until specific problems have been identified. 
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Summary • State of Arkansas 



Complete copies of the State of 
Arkansas 305(b) Report can be 
obtained from the State agency listed 
below: 

Arkansas Department of Pollution 

Control and Ecology 
8001 National Drive 
Little Rock, AR 72209 
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Summary 

The most significant conclusion from the analysis of 
current water water quality is that substantially all of the 
waters located in the highly agriculturalized Mississippi 
delta region of Arkansas do not now meet the 1983 aquatic 
life and recreational water quality goals of the Federal 
Water Pollution Act Amendments of 1972. Further, due to 
the nature of the problems, it is considered unlikely that 
the goals will be met in these waters by 1983 or any time in 
the forseeable future (see Figures 1 and 2). 



With the exception of the main stem of the White 
River and the upper St. Francis River, none of the major 
Arkansas delta streams meet all of the water quality 
requirements for swimming and the propagation of desir- 
able species of fish and aquatic life. In most cases, several of 
the appropriate parameters are substantially in violation of 
the minimum requirements. In particular, widespread viola* 
tions of fecal coliform, dissolved oxygen and turbidity 
standards occur, and significant contributions of a variety 
of pesticides are found, including endrin, dieldrin, DDT and 
its metabolites, and toxaphene. 



FIGURE 1 

STREAMS OR SEGMENTS 
NOT PRESENTLY MEETING 
FISHING AND SWIMMING 
1983 GOALS 
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FIGURE 2 

WATERS NOT CURRENTLY ' 
SUPPORTING FISHING AND 
SWIMMING BUT EXPECTED 
TO BY 1983 




In the remainder of the State's waters, 1983 water 
quality goals are now being met or, with a few notable 
exceptions, are expected to be met by 1983. A number of 
streams or segments outside the delta are not now meeting 
the- goals due to fecal coliform or dissolved oxygen 
problems related to point source discharges of inadequately 
treated municipal sewage. These problems are expected to 
be cleared up by 1983. Greatest improvements are expected 
in the main stem of the Arkansas River, whicn has already 
shown substantial water quality gains in recent years. Other 
streams are affected by acid mine drainage or oil field brine 
problems that will probably improve significantly by 1983 
under current programs but will still not meet the stated 
goals due to the nature of the pollutant input. 
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In streams where industrial waste discharges occur, 
the improvements that have been or will be noted by 
implementation of the best practicable control technology 
IBPT) requirements of PL 92-500 are often quite signifi- 
cant, but incremental improvements expected by going 
from BPT to BAT (best available control ischnology) will 
often be obscured because of non-point source pollutant 
Input to receiving waters. This is particularly true of 
industries discharging to south Arkansas streams affected 
by oil field brines. 

Little detailed information is available on the 
eutrophication potenti?' of Arkansas' lakes. When the 
results of the 1974 National Eutrophication Survey become 
available, they will be included in future editions of this 
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report. In general, however, the large Clearwater Impound- 
ments in Arkansas contain good to excellent quality water 
but are. In some cases, threatened by rapid and uncontrolled 
shoreline development, particularly when ir>adequate 
methods of domestic waste disposal are used. 

R ^lar v^ter quality monitoring is presently 
perfornried on approximately 6,150 miles of the State's 
potentially fishable, swimmable streams. This total includes 
all of the major streams of the State. From ^ purely water 
quality standpoint, all of these streams would be suitable 
for the above uses in the abs«nC9 of man's influences. 
However, considering the present effects of man's in- 
fluences on the quality of these waters, it is projected that 
4,450 miles, or 72 percent will meet the 1983 goals of PL 
92 KK>. This leaves 1,700 miles, or 28 percent, that will not 
iieet the goals, generally because of non-point source 
pollution. 

In 1974, a sewerage works "needs'* survey for 
Arkansas was completed. The total amount needed for the 
correction of all categories of sewerage problems was 
calculated to ))e $1 ,336,858,000. 

There are 351 Arkansas towns without any type of 
sewer system, representing a population of 72,248. 
Approximately 25 of these communities either have plains 
completed or construction plans under way for new sewage 
collection and treatment systems. 

There have been very few data collected as yet on the 
type of treatment needed and coits necessary to meet the 
best practicable treatment technology (BPT) and best 
available treatment technology (BAT) requirements for 
industrial dischargers in 1977 and 1983. respectively. 
Possibly an Industrial treatnient costs questionnaire would 
be the best way to produce this Information, and this 
method will be undertaken if necessary for inclusion in 
future reports. 

There are three major groups of industries in 
Arkansas that are significant both for the number of people 
employed and for their polluting potential. These Include 
the food products industry, the forestry-related products 
Industry, and the chemical products and petroleum ;efinlng 
ircMstry. Rough treatment cost estimates were made on 
various segments of these industries; however, these at best 
provide only vague indications of total costs. 

Recent proposals have been made by EPA relative to 
permit requirements for point source discharges from 
concentr^teu feedlots, sllvlcultural activities and agricul' 
tural operations. Including Irrigation return flows. As yet 
we have no information on control costs for these point 
sources. It might be noted, however, that the establishment 
of permit requirements for agricultural discharges, such as 
irrigation return flows and fish farming operations, will 
have considerable impact in terms of administrative costs 
alone in a highly agriculturalized state such as Arkansas, 
with concomitant benefits being rather unlikely. 

Information on non-point source control costs is 
totally lacking. T^ie implementation of Section 208 plan- 
ning should produce such information. 
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An assessment of social and economic benefits 
resulting from pollution coiitrol programs must first con- 
sider the many aspects of recreation fourKl in and on the 
waters of the State. There are approximately 10,000 miles 
of fishable streams and 600,000 acres of man-made and 
natural lakes In Arkansas. During 1973, 437,081 resident 
fishing licens<^ were sold in the State. In 1975, 95,757 
trout stamps were issued, and the State ranked 7th 
nationally by selling 201,348 no** isldent fishing licenses. 

There are 32 state parks ;.i Arkansas, most of which 
feature water-based recreatior^al facilities. In 1975, 
6,943,000 people visited these parks. There are an esti- 
mated 300,000 boats on Arkansas' waters, with boating 
activities including fishing, sailing, water»kilng and canoe- 
ing. During 1975, over 34 million people visited the 20 U.S. 
Corps of Engineers recreational facilities in the State. It is 
entirely obvious that water-based reaeation provides vast 
economic and social benefits to the people of Arkansas, and 
that prevention and control of water pollution is a 
significant factor in preserving and enhancing these 
benefits. 

In 1975, as a result of water pollution control 
programs, the classification of two streams was upgraded to 
permit body contact recreation wliere such had prevk)usly 
been undesirable due to pollution. Also, two tertiary 
treatment facilities were completed, whk:h discharge to the 
watershed of the Buffalo National River, providing a 
considerable measure of protection for this unique and 
immensely valuable natural treasure. 

The t;valut:on of non-point source water pollution in 
Arkansas and the development of contro! programs for the 
various categories of such pollution Is just now getting 
started under the areawide wastewater management plan* 
ning provisions of Section 208 of PL 92-500. 

As mentioned previously, agricultural non-point 
source pollution is the category of most significance in 
Arkansas. The erosion control programs the U.S. Soil 
Conservation Service, if completely implemented, would 
result in considerable improvement in the quality of runoff 
from agricultural watersheds, but it is questionable whether 
this program alone would allow water quality goals to be 
met. This would, however, be an Important step, and we 
would welcome the solution of the financial problems that 
have retarded Implementation of this program. 

The severity of non-point source pollution from the 
widespread silvicuttural activities In Arkansas is an area of 
considerable question and controversy. Representatives of 
all aspects of forestry Interests as well as the general public 
have considered the problem and recommended specific 
steps to define and cor^trot the problems that are found to 
exist. The formation of a research task force for this and 
other areas of non-po nt source pollution is being con- 
sidered as a part of the Section 208 planning program. 

Acid mine drainage continues to be a problem in the 
bauxite mining areas of Arkansas and in other very 
localized areas. Control efforts are under way in the bauxite 
areas that should alleviate the problems somewhat, but a 
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thorough evaluation of the effects of these programs is not 
scheduled until the summer of 1978. 

Information on rK)n<point source pollution related to 
construction activities and urban runoff vi\\\ be forth- 
coTD.ng following completion of Section 208 studies planned 
or in progress for the areas designated as having substantial 
water quality co:itrol problems as a result of urban* 
industrial concentrations or ovhcr factors. These designated 



areas are Texarkana-Miller County. Little Rock*North Little 
Rock. Fort Smith and Pine Bluff. 

Brine pollution from both point and noni>oint source 
pollution in the South Arkansas oil fields is a problem of 
long standing and will continue to be a problem for some 
time regardless of control efforts. Recent $ur/e.ys of this 
area* however, have resulted in specific recommendations 
designed to minimize the problems as much as possible. 
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Complete copies of the State of 
California 305(b) Report can be 
obtained from the State agency listed 
below: 

California State Water Resources Con- 
trol Board 
1416 Ninth St. 
Sacramento, CA 95814 
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Summary 

The purpose of the Annual Water Quality Inventory 
report is to present a summary of water quality conditions, 
problems and control activities. The Inventory fulfills the 
requirement of Section 305(b) of the Federal Water 
Pollution Control Act Amendments of 1972 {PL 92-500). 

Rather than attempt an exhaustive survey and re- 
production of all water quality data gathered in water year 
1975 (October 1974-September 1975), a task which would 
duplicate the efforts of numerous local. State and Federal 
agencies, conditions on selected water bodies have been 
highlighted. 

Historical data for five major repre^c^ntative rivers are 
presented in Chapter 3 to portray long-term water quality 
trends. These rivers, the Klamath, Sacramento, San 
Joaquin, Truckee and Colorado, are each indicators of 
water quality conditions in important areas of California. 
Actual data obtained at stations on each of the Priority I 
rivers are tabulated in Appendix A to this report. In 
addition, the history of Regional Board activities to 
improve water quality In San Francisco Bay, Los Angeles- 
Long Beach harbors and San Diego Bay is highlighted. 

Analysis of water quality data for 1975 indicates that 
conditions in California are generally outstanding and water 
quality usually meets standards, as shown in Chapter 4, 
Water quality problems do exist, however, and summarized 
descriptions of these problems are presented in Chapter 5. 
The number and severity of water quality problems caused 
by point source discharges has markedly decreased in the 
last several years, due primarily to the enforcement 
activities under the State's Porter-Cologne Act and the 
stimulus to facility construction provided by grants from 
the State's Clean Water Bond Fund and from Federal 



construction grant funds. 

The major water quality problems facing the State of 
California in the next decade will be the most difficult to 
resolve. These are noopoint source problems, which are 
generally widespread geographically, difficult to define 
exactly, and usually the result of long-held land use 
practices. Examples are: Sediment and debris washed into 
streams as a result of logging practices; groundwater 
mineralization; increasing salinity in the Colorado River 
which supplies water to large areas of southern California; 
increasing salinity of the Salton Sea, endangering fis!) life 
and the local recreation industry; and seawater intrusion 
into formerly usable groundwater aquifers at numerous 
points along the coastline. These problems are often due to 
complex causes which have their roots in historically 
institutionalized practices. Solutions will often be prohibit- 
ively expensive, as well as politically difficult to achieve. 
However, these are the major issues which the State and 
Regional Boards must confront and resolve in order to 
make significant progress in solving problems related to the 
quality of California's waters. 

The cost of achieving the national water quality 
objectives established in PL 92-500 will be staggeringly 
high. Estimates of the costs of meeting Federal objectives 
for treatment of municipal sanitary sewage and storm water 
are contained in Chapter 6. A total of 1.6 billion in grants 
has been committed from State and federal funding sources 
for constructing municipal sewerage facilities. The total 
estimated cost of municipal projects needed to meet 
Federal 1977 waste treatment standards is 4.2 billion. 

A brief summary of the impact on the environment 
of wastewater treatment facility construction and imple- 
mentation of the control measures necessary to successfully 
attach the larger non-point source problems is presented In 
Chapter 7. 
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Summary - State of Connecticut 



Complete Copies of the State of 
Connecticut 305(b) Report can be 
obtained from the State agency listed 
below: 

Division of Water Compliance and 

Hazardous Substances 
Department of Environmental Protectiort 
165 Capitol Avenue 
Hartford, CT 06115 
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Executive Summary 



Water Quality Monitoring 

The State of Connecticut presently operates two 
types of monitoring programs. These two programs are 
dissimilar in nature because they have been established for 
different purposes. 

The first program is the short-term intensive water 
quality program which generates a large volume of water 
quality data during a relatively short period of time (several 
days)* The purpose of this data is to provide a "complete 
description" of water quality in a critical stream segment 
during critical conditions (lowffow and high temperature). 
The value of this program is that with the data generated by 
^ this monitoring program, mathematical representations of 
water quality reactions can be used to predict treatment 
levels which will result in the achievement or the mainte- 
nance of water quality standards. 

The second program is the long-term or trend 
monitoring program. The purpose of this program is to 
monitor water equality over a long period so that water 
quality trends may be discovered. The value of this program 
is that documentation of water quality changes provides the 
basis of evaluating the effectiveness of water pollution 
control programs, and indicates a need for redirection or 
expansion of current water pollution control efforts. 

Long-term Trend Monitoring 

In 1967, a long-term trend monitoring network or 
primary monitoring network was established. This .network 
consisted of 96 stations throughout the State. Sample 
collection and analysis were accomplished during the 
spring, summer and fall for a total of three samples per 
station per year. Parametric coverage consisted of physical, 
chemical, and bacteriological parameters. This network has 
been replaced by a nev/ monitoring network which was 
init:ated in July, 1973. 

The monitoring network, started in July, 1973, 
consists of 43 stations in the entire State. Samples are 
collected monthly and are analyzed for physical, chemical, 
and bacteriological parameters. Additionally, sediment 
samples are anafyzed once per year. This network is 
expected to be increased to 90 stations as funding becomes 
available. Table 1 lists the physical and chemical parameters 
being monitored. In addition to the physical, chemical and 
bacteriological parameters, the State is also monitoring 
biological communities. At present, there are 30 biological 
stations in Connecticut. The inclusion of biological moni< 
toring is a necessary advancement in the monitoring 
program since Connecticut's Water Quality Standards 
state: 'TKs water shall be free from chemical constituent*; 
in concentrations or combinations which would be harmful 
to human, animal, or aquatic life..." 

Without biological data to relate the chemical data to 
the biological communities, compliance or non compliance 
with the above requirement could not adequately be 
determined. 



TABLE 1 

PHYSICAL/CHEMICAL PARAMETERS 
MEASURED BY U.S. GEOLOGICAL SURVEY 
UNDER COKNECTlCUrS PRESENT 
LONG TERM MONITORING PROGRAM 



Date 
Time 

Salinity (ppt) 

Instantaneous discharge (cfs) 
Dissolved manganese 
Dissolved iron 
Dissolved copper 
Dissolved calcium 
Dissolved zinc 
Dissolved magnesium 
Dissolved sulfate 
Dissolved chloride 
Total phosphorous 
Dissolved ammonia nitrogen 
Total nitrite plus nitrate 
Organic nitrogen 
Total Kjeidahl nitrogen 
Total nitrogen (N) 
Total nitrate {NQ3) 
Total organic carbon 
Air temperature 
Dissolved oxygen 
Percent saturation 
Weather 

Immediate coliform 
Fecal coliform 
Streptococci (fecal) 
MBAS 

Color ^ " 

Turbidity 

Oil and grease 

Cyanide 

Chlorophyll 11 -A 
Chlorophyll 11<B 
Floating algae mats (severity) 
pH 

Bicarbonate (HCO3) 
Carbonate (C03) 
Alkalinity as CACO3 
Hardness (Ca, Mg) 
Non-carbonate hardness 
Specific conductance 
Total residue 
Floating debris (severity) 
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In addition to the biological sampling and analyses, 
The following are baing provided: 

An extensive literature survey of existing data 
collected by Federal agencies, universities and 
private organizations for each body of water 
samples. The survey will cover physical 
^ characteristics and land use characteristics. 
2* Sampling reports which will contain a 
discussion of composition complexity, stability, 
and productivity of each biological community 
and detailed interpretation of the significance 
' of these factors with respect to water quality 
impacts from local land use patterns and direct 
pollution loadings. 

3. An evaluation of the jjrogram and program 
redesign recommendations. 

4. A study to determine the most effective 
manner in which the Department of 
Environmental Protection can absorb and 
continue the monitoring program at the end of 
th e contractual period. 

5. A field and classroom training program. 

6. A reference library. 
7- Reference collections. 

& Field and laboratory equipment. 

Linear Regression Analysis 

The data gathered by the State's long-term trend 
noonitoring network were used to make an analysis which 
would discern any statistically valid trends over the period 
of record. The linear regression analysis uses a time- 
deperulent variable (along with other variables such as flow 
and terhperature), to identify trends in the data. 

The findings of this study overwhelmingly indicate 
that water quality in the State of Connecticut is improving. 
^ Of the 92 tests performed, 67 or 73 percent show signs of 
improvement. Of these 35, 40 percent show improvement 
at the 90 percent level of confidence and 35 tests show that 
the rate of improvement is significant. 

Also, of importance is the finding that of the 92 tests 
performed only 5 percent show signs of degradation. 

As the data base improves and expands in terms of 
the number of measurements, it is expected that the data 
will show stronger trends. Most of these trends are already 
in the direction of improvement. As more measurements 
are available the trend of improvement should be strength- 
ened. 

Most of the improvement which this study reveals is 
due to the control of point source pollution through the 
application of best practicable wastewater treatment 
technology. As the State Water Pollution Control Program 
progresses to application of advanced waste treatment 
systems and, as necessary, control of non«point source 
pollution, improvement in water quality can be expected to 
continue. 



Basin Planning-Section 303(e) 

The phase I ba^in planning process in Connecticut 
will culminate in June, 1976 with the submittal of the 
remaining draft basin plans covering the entire State. These 
plans will include loading allocations for water quality 
limited segments where feasible. Load allocations for more 
complex systems or systems with incomplete data bases are 
still being analyzed. These basin plans will then be 
incorporated into the annuaMState strategy for water 
pollution control. 

Area-wide Waste Treatment Management Plan* 
ning-Section 2Q8. 

Connecticut submitted an application in May of 1975 
for an $8.9 million statewide Section 208 program. This 
program was not funded by the EPA and the State has 
initiated a legal action to obtain the fund$. (NOTE: In 
1976, the state was awarded a $1 million Section 208 grant 
at 75 percent EPA funding). 

Facilities Pianning-Section 201 

The general cost breakdown for Section 201 con- 
struction grants is given in the report. Specific grants by 
municipality are given in Appendix E of the report, the 
Construction Grants List. Advanced waste treatment grant 
allocations reflect load allocation analysis from completed 
Section 303(e) plans. 

NPDES Permit Program-Section 402 

In 1975 there were 214 NPDES permits issued. This 
brings the total permits issued since 1974 to 589. Of the 
cumulative total, 85 major municipal pernPiits were issued in 
1974 and 40 minor municipal permits were issued in 
1974-75. The remainder of the permits (464) are non- 
municipal. 

Past Activities 

Connecticut began a statewide program of compre- 
hensive water pollution control in 1925 when it established 
the State Water Commission. This commission established a 
pollution abatement program in conjunction with the State 
Department of Health. In 1957 the State Legislature 
superseded this commission with the Water Resources 
Commission. Connectic»«t drafted the Clean Water Act in 
1967. This act called for the restoration of water quality 
consistent wtih the uses and wishes of the State's citizens. 
The subsequent water quality standards prepared by the 
State in 1967, were approved in total by the Federal 
government in 1970. These stream classifications were 
revised in 1973 by the State to reflect water quality 
improvements. The Water Resources Commission acted as 
the State Water Pollution Control Agency until the present 
Department of Environmental Protection was established 
by the General Assembly in 1971 . 

Before 1972, the State's water quality goals did not 
require a minimum standard of "B" for every stream in 
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Connecticut, The new goals, in part a result of the 1972 
Amendments, will have effects on future growth and 
development patterns, due to the cost of attaining and 
maintaining these goals. State programs for clean water 
have attempted to address water quality problems which 
result from many sources including septic system failures, 
the discharge of inadequately treated domestic sewage and 
industrial wastes, periodic raw sewage discharges resulting 
from combined storm and sanitary sewer systems, and the 
effects of groundwater and surface water Inflow and 
infiltration to sewers as well as those of urban runoff and 
other "non-point" sources. Much of the momentum gained 
under Connecticut's Clean Water Program initiated in 1967 
was reduced when the State could no longer pre-finance 
water pollution control projects. The momentum was 
further reduced due to several procedural requirements of 
PL 92 500. 

Progress 

A survey was conducted in 1975 by the Water 
Compliance Unit of DEP to determine the progress made in 
upgrading water quality.. The survey found that since 1967, 
165 stream miles or 25 percent of all State streams 



requiring upgrading have been improved to comply with the 
1983 water quality goals. These improvements are mainly 
attributable to the success of the State's program in 
expanding and upgrading treatment plants to secondary 
treatment providing extensions of sewer serve where 
needed, eliminating or providing appropriate treatment of 
industrial waste discharges and eliminating a number of raw 
sewage discharges caused by sewer system infiltration and 
combined storm and sanitary sewer systems. 

A summary of water quality inventory indicates that 
all basins suffer from non»point source pollution in varying 
degrees. Large river basins with water quality limited 
segments like the Connecticut River are hampered in 
improvement efforts because of combined sewer and 
non-point source problems. As basin plans are completed, 
the State will develop its strategy for meeting these future 
vvater quality needs. The progress of Improving water 
quality will depend largely on* the levels of Federal 
construction funding realized for this purpose especially 
with respect 10 allocations for combined sewerage facility 
correction which are presently non-existent and where 
administration requirements limit the ability to realize 
project goals with available funds. 
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Complete copies of the State of 
Delaware 305(b) Report can be 
obtained from the State agency listed 
below: 

Division of Environmental Control 
Department of Natural Resources and 

Environmental Control 
Tatnall Building, Capitol Complex 
Dover, DE 19901 
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Summary 

Delaware's streams are generally in very good condi- 
tion. As reported last year, ten stream segments are already 
meeting the 1983 goals of the Federal Water Pollution 
Amendments of 1972. Four additional segments are 
expected to meet these goals by next year. The remaining 
seven should be able to meet the goals by 1983. 

Most of Delaware's streams support the propagation 
and maintenance of fish and wildlife. The major area where 
this is not the case is the Delaware River from the State 
Line to the vicinity of the Chesapeake and Delaware Canal 
where pollution prevents some, though not all, species from 
flourishing. 

Improvements in this section of the river remain 
dependent upon the upgrading of major industrial and 
municipal treatment facilities upstream in the States of 
Pennsylvania and New Jersey. The elimination and/or 
control of point sources in the stream basins have high- 
lighted non-point sources which include pollution of man- 
made origin from urban and industrial areas, and that of 
natural origin such as wildlife and waterfowl. During the 
remainder of this decade, Delaware will concentrate on 
quantifying the effect of the non-point source problems 
and attempt optimum control strategy. Completion of 
Section 208 Plans by areawide waste management agencies 
will assist the State in this effort. An evaluation of the 
State's mter quality is presented in Table 1 at the end of 
this summary. 

The United States Environmental Protection Agency 
(EPA) has delegated its authority to the Department of 
Natural Resources and Environmental Control (DNREC) 
for issuing National Pollution Discharge Elimination System 
(NPDES) permits. These permits establish a timetable for 
meeting the State and Federal ren- ements of best 
practicable technology by July 1, 11 Some municipal 
waste discharges cannot meet the deadline because con- 
struction, although underway, will not be completed by 
that date. The permit requirements have also eliminated a 
number of discharges which are now connected to waste- 
water collection and treatment systems or converted to 
another type of discharge, e. g., spray irrigation. 



Delaware's Water Quality Management Program is a 
continuing one and recognizes that issuance of permits 
alone does not mean achievement of all standards. It takes 
years for plans a.nd programs to be put into effect and, once 
completed, additional time is needed for the various stream 
segments to recover. In some estuaries it may not be 
possible to meet shellfish and swimming criteria for total 
and fecal coliforms because of the substantial migratory 
bird population. 

The State has a continuing concern with ground 
water quality degradation and is taking forceful action to 
prevent it. The experience with landfalls that have resulted 
in aquifer contamination has led to the establishment of 
strict, new standards for such disposal methods. Both their 
location and construction art carefully regulated. The 
expanding population of Delaware has also increased the 
demand for septic tank use and this, too, is being carefully 
scrutinized and regulated. 

Delaware also faces eutrophication problems in most 
of its lakes and ponds. The Department has cooperated 
with the EPA in the National Eutrophication Survey of 
Selected Ponds in the State of Delaware. 

Another problem enumerated last year is the en- 
croachment of urban development along the shores of the 
inland bays. The growth rate of such development has been 
slowed because of economic conditions, but the potential 
exists for accelerated growth with the improvement of the 
economy. 

The cost estimates for wastewater treatment facilities 
have not changed from last year's report. Many water and 
related land use activities will, it is hoped, reduce the total 
cosiS through non-structure control programs. 

In order to provide a uniform basis for various 
planning activities a special consortium of planners repre- 
senting all interested parties was created to study popula- 
tion projection procedures. This effort has resulted in a new 
population forecast for the coming decade which will be 
used by all agencies. 

This summarizes Delaware's problems and its plans to 
cope with them as we move to make all of our water 
quality compatible with the goals escablished by Congress. 
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TABLE 1 
1975 SEGMENT EVALUATION 



Segment description Segment number Classification WQL/EL State priority Evaluation of water quality 



Naaman's Creek 


1 


EL 


15 


111 


Brandywine Creek 


2 


EL 


12 


1 


White Clay Creek 


3 


EL 


7 


11 

M- 


Upper Christina 


4 


WQL 


1 


Lower Christina 


4 


EL 


t 


III 


Red Lion Creek 


5 


WQL 


10 


II 


Chesapeake & Delaware Canal 


6 


WQL 


9 


1 

II 


Blackbird-Appoquinimink 


7 


EL 


4 


Chesapeake Drainage System 


8 


EL 


19 


1 

II 


Smyrna River 


9 


EL 


11 


Leipsic River 


10 


EL 


14 


II 


St. Jones River 


11 


EL 


6 


II 


Choptank River 


12 


EL 


20 


1 

II 


MurderkiH River 


13 


EL 


13 


MispilK'^on River 


14 


EL 


16 


II 


Cedar Creek 


15 


EL 


17 


II 


Broadkill River 


16 


WQL 


8 


III 


Nanticoke River 


17 


WQL 


3 


1 


Indian River 


18 


WQL 


2 


1 

II 


Little Assawoman 


19 


EL 


5 


huntings Branch 


20 


EL 


18 


Hi 


Delaware River • River Mile 78.8 to river mile 59.5 






III 


59.5 to river mile 48.2 






II 



Delaware Bay 
Atlantic Ocean 



NOTE: A detailed assessment of each segment is provided in the text of the report. 
KEY: 

I - Weters of good to excellent water quality which basically meets all water quality criteria with only minor, infrequent violations of 
water quality standards. 

\\ Waters of fair to good water quality which periodically have some problems in one or more wat«r quality criteria. 

ill - Wateis in which there is perenr.ial problem in meeting on': or more water quality criteria. Most of theia art tidal waters impacted 
by the natural process of the estuarine system. 
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Summary • District of Columbia 



Complete copies of the District of 
Columbia 305(b) Report can be 
obtained from the State Agency listed 
below: 

Department of Environmental Services 
Water Resources Management Admin- 

istration 
41 5-1 2th St. NW Room 307 
Washington, D. C. 20004 
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This report represents the first annual update of the 
305(b) Report for the District of Columbia. It is an 
appendix to the 1975 305(b) Report issued in April 1975. 
As an appendix, this report details only progress and 
problems the District has had in implementing the provi' 
sions of the 1972 Federal Water Pollution Control Act (PL 
92-500) in the past year. Information concerning previous 
water quality trends and historical aspects of the problems 
the District faces can be found in the 1975 305(b) Report. 

Construction Progress at 
Blue Plains Wastewater 
Treatment Plant 

Much progress has been made toward the implemen- 
tation of full secondary treatment at Blue Plains. During 
1975, contracts for additional secondary treatment facili* 
ties achieved 90 percent completion. Contracts on solids 
processing, primary flow metering, the chemical building, 
the multi^media filtration facility, and the central opera- 
tions facility were in progress all year. All of these contracts 
are approaching completion. Contracts for nitrification 
sedimentation, instrumentation, and expansion of a raw 
wastewater pumping station were initiated in 1975. These 
contracts were 28 percent, 36 percent, 5 percent, and 2 
percent (complete respectively at the year's end. 

Construction during 1975 was slowed by a s'v-month 
labor strike. As a result, construction slipped about six 
months behind schedule. Completion of all construction is 
now scheduled for late 1978, with facilities coming on line 
in mid-1979, 

NPDES Permit Program 

The District has not elected to seek the authority to 
issue NPDES Permits. The District, however, has retained 
certification authority. Authority and responsibility for 
issuing the permits lies with the EPA. The EPA issued no 
permits to industrial or commercial discharges in the 
District during 1975. 

Monitoring Program 

The D.C. Dep,irtment of ivironmental Services' 
(DES) Bureau of Wastewater eatment's monitoring 
program remained unchanged t ihout 1975. Results 
were circulated and monthly st aries released. Some 
biological sampling was done in cooperation with William 
T. Mason of the Interstate Commission on the Potomac 
River Basin. Biological sampling will be upgraded in 1976, 
with the addition of a biologist to the Bureau of 
Wastewater Treatment laboratory staff. 

in addition to the sampling program of the Bureau of 
Wastewater Treatment, the DES, Bureau of Air end Water 
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Quality Control sampled 24 stations in free flowing 
streams, including Rock Creek. The number of stations was 
reduced to 10 in 1976. Samples are collected monthly and 
processed at the Bureau of Wastewater Treatment's Blue 
Plains Laboratory. Due to a lack of staff. Rock Creek 
samples were not taken during January, February, May, 
July, August, and November. 

During 1975, work started on the formulation of 
PEP, a comprehensive monitoring plan for the Potomac 
Estuary. The Interstate Commission on the Potomac Basin 
was requested to formulate a monitoring program which 
would address two major issues: First, changes in water 
quality which occur as the result of improvements in area 
wide waste treatment in the absence of denitrification at 
Blue Plains; and second, data required for the calibration 
and verification of mathematical models capable of predict- 
ing the additional improvements which would occur in 
estuarine water quality if denitrification were to be 
implemented at Blue Plains. The results of PEP will be 
integrated with the District's Water Quality Monitoring 
Program in 1976. 

Sludge Disposal 

Disposal of Blue Plains sewage sludge, both raw and 
digested, has been and will continue to be one of the most 
serious, difficult, and complex problems facing water 
pollution control efforts in the District. During 1975, a 
court-ordered agreement specifying the responsibilities of 
each of the jurisdictions using the Blue Plains facility, with 
regard to sludge disposal, want into effect. Daily operations 
of the trenching of sludge have gone relatively smoothly 
under the provisions of that agreement. 

Trenching, however, cannot continue to be the 
method of choice or sludge disposal much longer. One 
prime reason for this is the large amount of land which will 
be required to hold the increasing daily volume of sludge to 
be produced at Blue Plains. Some 6C0 acres/year would be 
required for the 1980 production of 1,800 wet tons/day. 
Further, since the disposal sites are not to be used for other 
purposes for a minimum of five years, a minimum of 3,000 
acres would be required on a continuing basis. An 
investment of this size is impractical given the current value 
of land in the metropolitan area. 

Attempts at prov.ding viable alternative methods of 
sludge disposal have been stymied because of the other 
environmental problems they may create. A oilot facility 
designed to produce a commercial soil builder from the 
sludge has run afoul of stringent air pollution control 
requirements. Incineration also contribuces to the air 
pollution problem and is quite costly, and also could 
contribute to violations of Federal Ambient Air Quality 
Standards. Composting of the raw sludge seems to be 
technically feasible and financially attractive, if a market 
for the compost can be found. However, no real marketing 
to test salability can take place until the necessary 
approvals are obtained and health permits are issued. 
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The Blue Plains Technical Committee, in response to 
the court requirement that agreement be reached on a 
permanent solution to the sludge problem by July 1, 197iV^ 
has been developing a program which would provide such a 
solution. No final agreement was reached in ^97t, When 
such an agreement is reached it will balance the risks and 
benefits of the alternatives outlined above. 

Non-point Source Programs 

Through 1975, the District sought EPA approval for 
an engineering study of treatment alternatives for combined 
sewage overflows. As of this writing, approval for the study 
has been given, but contracts have not been signed. 

The District has been participating in the develop- 
ment of non^point source studies by the Metropolitan 
Washington Resources Planning Board (WRPB) for the 
Section 208 planning program. As presently conceived, 
these studies should provide a firm estimate of the amounts^ 
of non-point source pollutants contributed to the estuary 
by land in various kinds of use. Pollutant loadings will also 
be related to type, frequency, and duration of storms. 

Primary data for the study will be gathered in the 
Occoquon and Four Mile Run watersheds of Northern 
Virginia, directly across the Potomac from the District. 
Demonstration of the applicability of the results of the 
Northern Virginia studies to other jurisdictions in the 
metropolitan area will be accomplished by using the 
Northern Virginia data to preduct pollutant loadings for 
watersheds in Montgomery County, Maryland, and then 
comparing those predictions to actual data to be taken in 
the same Montgomery County watersheds. 

The WRPB studies, in conjunction with the District's 
combined sewer engineering study will provide the neces- 
sary data base for formulating a rational, efficient, coordi- 
nated program for non-point source controls in the metro- 
politan area. 

c 

1975 Water Quality 

Water Quality in the District's three major streams, 
the Potomac, ihe Anacostia, and Rock Cre^k will be 
discussed seperately. 

Potomac River 

With the exception of colitorm bacteria, water 
quality in the Potomac mainstem of the District was quite 
good. No nuisance algal blooms of note were recorded, and 
dissolved oxygen problems, so prominent in the past seem 
to have diminished. No violations of DO standards for the 
mainstem were recorded in 1975. Water ouality in the 
J»otomac mainstem was probably improved by the high 



flows recorded in 1975. 

Conform' measurements in the Potomac frequently 
violated the Distrtct's standards. Because of this, the 
Potomac did not meet the FWPCA 1983 goals of 'fishable 
and swimmable water. 

Anacostia.River 

Water quality in the Anacostia remains very poor. 
Major problems are low dissolved oxygen and high coliform 
levels. The extremely poor water quality in the Anacostia is 
due both to the District's own urban and combined sewer 
runoff and the high levels of pollutants entering the District 
from the Anacostia tributaries in Maryland. 

Rock Creek 

Very scanty data are available from Rock Creek for 
1975. No creditable conclusions as to water quality trends 
can therefore be drawn. Few dissolved oxygen problems 
seem to exist, coliform counts are quite high, and 
suspended solids are quite variable, as is to be expected in a 
small urban stream. 

Future Water Quality 

As reported in the 1974 305|b) report, modeling 
studies done for the National Commission on Water Quality 
indicate that dissolved oxygen standards in the estuary will 
be met when full secondary treatment facilities are on line 
at Blue Plains. The 1975 Water Quality data gathered by 
the District substantiates this conclusion. 

Most of the District's remaining water quality prob- 
lems are due to non-point sources of pollution, both in the 
District and in the surrounding metropolitan area. The 
Metropolitan WRPB is undertaking the responsibility for 
Section 208 Planning in the nwtropolitan area. One of the 
major responsibilities of the planning effort is to prepare an 
areawide scheme for control of non-point source pollutants. 
Until this plan is complete it is impossible to soeculate on 
the extent of future improvements in water quality 
problems caused by non-point source pollutants. 

Regardless of the plan formulated by the WRPB, the 
control of non-point source pollutants in the Washington 
Area is expected to be a difficult and complex task. 
Therefore it is not anticipated that the 1983 water quality 
goals of PL 92-500 will met in the streams of the District 
by 1983. In particular, bacteriological standards violations 
will still likely occur, making swimming hazardous. In 
addition, there will likely remain the potential for noxious 
blooms of algae in the estuary. Large diurnal variations in 
dissolved oxygen are likely as a result of such blooms, if 
and when they occur, causing temporary but perhaps 
critical violations of dissolved oxygen standards. • 
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Cost of Water 
Pollution Control 

CosU for water pollution control in the District 
have risen markedly since the early 1950's, In fact, costs 
per«million-gallons treated will have risen ten fold when the 
facilities currently under construction have been com- 
pleted. This is largely due to the approximately 500 million 
dollar capital cost of Blue Plains expansion. If denitrifica- 
tion facilities are coi structed, capital costs will rise yet 
another hundred million. O&M costs for the Blue Plains 
plant are estimated to be about 35 million per year vvithout 



denitrification, and over 46 million per year with denitrif:- 
cation. 

Costs for storm water treatment in the Distric: 
cannot be firmly estimated at this time, but could 
conceivably be higher than 1 billion dollars. Since no 
NPDES permits have been ..sued to industrial dischargers, 
industrial waste treatment cost estimates are not available 
at this time. 

Obviously, such large costs will be hard for the 
District's taxpayers to bear, even with Federal grants. The 
District believes that the benefits to be derived from such 
enormous proposed expenditures must be critically 
examined. 
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Summary - State of Florida 



Complete copies of the State of 
Florida 305(b) Report can be 
obtained from the State agency listed 
below: 

Department of Pollution Control 
2562 Executive Center Circle 
Tallahassee, FL 32301 
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Summary 

The water resources of Florida are among the most 
unique, valu{^ble, and widespread of any State in the 
Nation. The shoreline of Florida fronts on the Gulf of 
Mexico and the Atlantic Ocean, including saltwater rivers, 
islands, bays, and sounds, the shoreline extends for nearly 
11,000 linear miles. Inland waters de 1,711 named 
streams ranging in length from 0.4 ^es to 818 miles. 
There are 7,712 named and unnamed lakes ranging in size 
from one acre to almost one-half million acres. The only 
living coral reef in the continental United States forms the 
eastern barrier of the Florida Keys. 

The wildlife resources of Florida are numerous and' 
diverse. Commercially valuable fisheries harvest shellfish 
and finfish. Water sports, including sport fishing, in 
conjunction with the mild climate, act as attractions to the 
millions of tourists who visit Florida annually. 

Freshwater streams are being considered as potential 
sources of potable water for the rapidly growing metro- 
politan areas of southern Florida, and these same streams 
are being proposed for impoundment and industrial 
development. Maintaining the quality of its waters must be 
a high priority of the State since the economy of Florida, 
more than that of most other States, relies on activities 
which are dependent upon the aesthetics and the natural 
resources associated with plentiful supplies of clean, high 
quality water. 

Even though clean waters are an economic asset of 
considerable value to the people of Florida, considerable 
stresses have been placed on the aquatic systems of Florida 
by industrial development and by the rapid, recent increase 
in the population. (Florida's population has increased by 
the greatest absolute number of any State in the past .few 
years, and it has been projected to double by 1985.) 
Florida waters are polluted from several different sources. 
Industrial polluters include agricultural processors, chemical 
plants, paper mills, and electrical power plants. Domestic 
wastes from households and wastes from smaller com- 
mercial operations are discharged to the waters of the State 
by sewage treatment plants, ocean outfalls, and septic tank 
drainage. Pollutants not attributable to specific sources 
include storm runoff from urban areas; drainage frpm 
farms, forests, and mines; intrusion of saltwater into 
depleted freshwater aquifers; and discharges from ports and 
marinas. Another major source of pollution in Florida is 
dredge and fill activities involving the destruction of 
submerged lands and wetlands, disposal of dredged spoil, 
and shoreline alteration. 

This latter source of pollution is a particular problem 
in Florida. Large numbers of people from other parts of the 
country are retiring to Florida or are building vacation 
houses here. This influx of people has contributed to large 
demands for water-front property. This has been met by 
land developments in which canals have been dredged 
through wetlands and uplands, marshes have been filled, 
and canal-front lots are constructed. These land use 
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practices have stressed the aquatic ecosystem by eliminating 
natural drainage and allowing poor water quality conditions 
to deve.op, by removing productive wetlands from the 
ecosystem, by reducing the habitat available for larval fish 
and shellfish, and by reducing the capacity of the wetlands 
to filter pollutants from runoff. These problems taken 
together make uncontrolled proliferation of canal systems 
and shoreline alteration a serious long-term Florida water 
quality problem. In the long term, these activities may have 
the potential to damage or to destroy many of the 
aesthetics and natural resources which originally attracted 
retirees and vacationers to Florida. 

More immediate water quality problems are related to 
cultural eutrophication, the human-aided and abetted in* 
crease in the rate of aging of a body of water. Data 
presented In this report show that the levels of nutrients 
(nitrogen and phosphorous) in almost every basin segment 
In Florida are higher than the accepted norms. Secondary 
water quality problems demonstrated by data in this report 
Include low levels of dissolved oxygen and high populations 
of collform bacteria. More rarely, high levels of 
phytoplankton are found. 

The State of Florida has responded to the problem of 
water pollution jy adopting and implementing a number of 
environmental protection statutes (e. g. Chapters: 253, 373, 
and 403, F. S.). In Florida, the Department of Environ* 
mental Regulation Is the administering agency for programs 
under the Federal Water Pollution Control Act of 1972 
(P. L. 92-500). The goals of the Federal and State programs 
are to manage discharge of domestic and industrial waste, 
to control non-point source pollution, and to regulate the 
alteration of bottoms and shorelines of State waters. The 
State has also adopted minimum conditions for the quality 
of its waters and has established a water quality classifica- 
tion based on the uses of water bodies. 

Point discharges of domestic and industrial wastes are 
permitted under State and Federal (NPDES) programs. 
Non*point source pollution will be managed by the State 
and by the areawide 208 programs and by management 
practices to reduce pollutants in runoff. The State has a 
well-developed permitting system to require permits for 
construction projects affecting submerged lands and wet- 
lands. Such projects are evaluated for Immediate and 
long-term impacts on the aquatic ecosystem. These pro- 
grams are. discussed in more detail in Chapters II and' ||| of 
this report. 

Ten bodies of water in the State die not meet the 
Class III wate use criteria (safe recreation and fish and- 
wildlife) in 1975. Six of these waters are expected to be 
consistently within these criteria by 1983. Maintaining and 
enhanceing water quality in the waters of the State will 
require more advanced treatment of domestic wastes, 
centre' of non-point sources of pollution, and greater 
protection of wetlands. These programs are necessary to 
maintain the quality of the Florida environment, and they 
will become even more urgent If the population Increases as 
rapidly as has been projected. 
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Complete copies of the State of 
Georgia 305(b) Report can be 
obtained from the State agency listed 
below: 

Environmental Protection Division 
Department of Natural Resources 
270 Washington St., S.W. 
Atlanta, GA 30334 



ERIC 



A-39 

85 



APPENDIX A 



Summary 

Current Water Ckiality and Trends 

Most of Georgia's waters are of good quality. Since 
there are more than 1,500 wastewater discharges from 
municipalities, industries, and private developments in the 
Stute, and since there are many non-point sources of 
pollutibn which have significant effects on water quality, 
the 130 water quaftty monitoring stations being operated 
cannot assess adequately the effecu of all point and 
non^point sources of water pollution in the State. However, 
monitoring stations are located on major streams at sites 
which do rwt reflect much of the human impact on the 
State's waterways. Based on this network of stations, 
jntensive stream surveys, operating reports from wastewater 
treatments facilities, and other staff knowledge, water 
quality in Georgia can be characterized as good or excellent 
for approximately 90 percent of the estimated 20,000 total 
miles of streams. Unfortunately, many of those streams not 
meeting water quality stan'*?-'<< are major ones where 
significa " water use:» are ad/ersely affected. 

It is estimated that approximately 90 percent of all 
the stream) miles in Georgia were meeting fishing and 
swinnming water quality criteria in 1975. Less than 90 
percent of the mileage of major streams met these criteria, 
however. It is further estimated that some' 5 percent of 
Georgia's streams cannot meet the water quality criteria for 
fishing or swimming due to natural conditions. These 
waters include primarily the swamp-like streams of Souths 
Georqia which exhibit naturally low dissolved oxygen, low 
pH (acid), and high water temperatures during summer and 
fall months. The fan that these natural waters in South 
Georgia and other parts of the State do not meet fishing 
and swimming criteria certainly does not mean that they 
are not fishable and swimmable. People have recreated in 
certain of these waters for years, and fish have thrived in 
these streams for thousands of years. 

As in past years, water quality criteria violated most* 
were those for dissolved oxygen and fecal coliform 
bacteria. Suspended solids, originating from soil erosion 
caused by man's land-disturbing activities, and the resultant 
desposition of sediment in streams, continues to be the 
largest water quality problem caused by non-point sources 
of pollution. Significant water quality deterioration due to 
heavy metals, pesticides, toxins, aciditv, and alkalinity were 
not observed in Georgia in 1975. 

Major problem areas in the State during 1975 
continue to be the South River downstream from the City 
of Atlanta and DeKalb County, the Flint River downstream 
from Atlanta, College Park, and Clayton County; and the 
Chattahoochee River downstream from Fulton County, 
Cobb County, and Atlanta. There continue to be periodic 
water quality standards violations downstream from uiban/ 
industrial areas such js Albany, Athens, Augusta, Bruns- 
wick, Columbus, Dal ton, Macon, Rome, Savannah, and 
Valdosta. 



The trend-monitoring program has shown that the 
water quality is stable at most of the 130 stations around 
the State and that definite improvement trends are occuring 
at a number of stations. No downward trends of water 
quality have been documented. 

Water Quality Goals 

The Federal goal of having all waters in the United 
States meet fishing and swimming criteria by 1983 will not 
be accomplished in Georgia. Certain streams in the State 
will not be able .o meet thse criteria due to their heavily 
urbanized watersheds which result in poor quality urban 
runoff; other streams are so small in relation to the 
anrK)unts of wastewater discharged into them that it will be 
economically and perhaps technically impossible for some 
discharges to provide sufficiently high degrees of treatment 
to allow water quality standards to be met. 

It is not possible to predict the locations where and 
extend to which^uman influence will prevent waters in 
Georgia from meeting the 1983 Federal goal of meeting 
fishing and swimming standards, but it is believed that 
those strean^ segments unable to noeet the standards in 
1983 will be less than 19 percent of the total stream miles 
in the State, if sufficient Federal construction grant 
allocations are provided for municipal wastewater treat* 
ment needs betv^'een now and then. The estimated 5 
percent of all stream miles in Georgia which cannot meet 
fishing and swimming water quality criteria due to natural 
conditions will not change. There are at least two dozen 
industries discharging treated wastewater. to streams so small 
that it is fairly certain that levels of treatment in excess of 
best available technology economically achievable (BAT) will 
be required if the streams are to meet fishing criteria. There 
are some 166 municipally owned wastewater treatment 
facilities presently discharging to stream segments where 
levels of treatment higher than secondary are needed in 
order to meet water quality standards. Facilities Planning 
under the Federal grants program should be completed for 
nearly all of these municipal discharges by the end of 1977; 
this planning will determine what needs to be done and 
how much it will cost to solve these water quality 
problems. Until the planning is completed, it will not be 
known to what extent these municipalities can financially 
and administratively implement nrograms to achieve water 
quality standards. 

Effects of Control Programs on Water Quality 

Georgia's water quality control programs for point 
sources of wastewater are currently based on the following 
strateglos: 

1. Require municipalities to use PL 92-500 grants 
for construction of treatment facilities where 
needed to upgiade the quality of municipal 
affluents to secondary treatment standards or 
higher treatment standards where required by 
water quality in receiving streams; and 
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2. Require all industrial dischargers to meet Best 
Practicable Technology (8PT) treatment stan- 
dards or higher treatment standards where 
required by water quality in receiving streams. 
Municipal grants are awarded in accordance with 
Georgia'a construction grants priority system with the 
highest priorities being put on solving the most serious 
water pollution problems. Only about 1.5 percent of all 
municipal wastewater generated in the State is receiving 
primary treatment or no treatment, but in many cases 
existing treatment facilities do not meet the Federal 
effluent guidelines and/or do not provide treatment suffi- 
cient to meet water quality standards. Eighty-four of 
Georgia's 106 major industrial dischargers were in various 
stages of design or construction of BPT facilities. Of 455 
minor industrial dischargers in Georgia, it is estimated that 
about 50 percent were providing BPT for their wastewaters 
at the end of 1975. 

A number_pf_significont water quality improvements 
were seen in major streams around the State in 1975 as a 
result of the State's control programs. The Lower Savannah 
River showed no dissolved oxygen violations at the Fort 
Jackson monitoring site for the first year of record (i. e., 
the period of years over which official water quality data 
have been collected) i due to completion of treatment 
facilities at all major sources of organic wastewater.. Water 
quality in the Ocmulgee River improved substantially as a 
result of the start-up of iVIacon's Rocky Creek water 
pollution control plant. Only two violations of dissolved 
oxygen criteria were found at the Ocmulgee River auto- 
matic monitor downstream of Macon during 1975, as 
compared with 144 violations in 1974. Water quality in the 
Conasauga River at Tilton downstream from Dalton contin- 
ues to show an upward trend due to that City's water 
pollution control programs. Again, 1975 wa<> the first year 
of record in which no dissolved oxygen violations were 
found at the Tilton monitoring site. 

Substantial Improvements in the quality of the 
Chattahoochee River are expected in 1976 since construc- 
tion will finally be completed on the City of Atlanta's 
H. M. Clayton treatment plant and improved op ations are 
expected at the other major treatment facilities discharging 
to the River. Current control programs underway in DeKalb 
and Clayton Counties and the City of Atlanta will 
significantly improve the quality of the South and Flint 
Rivers in 1979 with completion of the advanced wastewater 
systems currently being planned. The quality of the Lower 
Savannah River will be increased evenMurther with the 
completion of water pollution facilities for the American 
Cyanamid Company. Many other improvements less signifi- 
cant than these previously named will occur around the 
State within the next several years. 

Non*point Source Pollution 

Control of non-point source pollution was a low 
priority with the State Water Quality Control Section prior 



to 1975. During 1975, the Water Quality Control Section 
initiated a statewide non-point sviurce pollution assessment. 
The assessment will be completed during the next two years 
and the State will establish priorities and control strategies 
for non-point sources as a part of the continuing planning 
process. The Erosion and Sedimentation Act passed during 
the 1975 session of the Georgia Legislature provides for the 
establishment and implementation of a statewide compre- 
hensive soil erosion and sediment control program. The 
State Environmental Protection Division and local govern- 
ments are given certain mandates to promulgate and 
enforce ordinances for the control of erosion and sediment* 
at ion. This will be an integral part of the State's control 
programs for non-point sources of water pollution. 

Costs and Benefits 

in 1975, $75.7 milMon were obligated by local, state, 
and federal governments for municipal wastewater projects 
ir Georgia, thus satisfying about 7 percent of the $1 .1 
billion of needs projected in the 1974 National Needs 
Survey for improvements to wastewater treatment plants 
and construction of new interceptor Sewers, force mains, 
and pumping stations. The 1974 needs estimates were for 
facilities to meet e.xisting stream standards, but some of the 
existing standards are lower than those for fishing and 
swimming. The 1974 Needs Survey covers only capital costs 
for building municipal- wastewater treatment facilities; it 
does not reflect municipal operating costs which were in 
the tens of millions of dollars during 1975 and which can 
only increase in the future. Therefore, the total costs of 
meeting the Federal goals will far exceed the estimates 
made in the Needs Survey. 

It is estimated that Georgia's industries have expen- 
ded more that $225 million since 1965 to reach the levels 
of treatment provided for industrial wastewaters today, and 
an additional $50 million will be spent by these industries 
to achieve BPT by 1977. If industries are required to 
upgrade treatment to BAT, it is estimated that they will 
have to spend an additional $200 to $250 million. 

At this time, it is r.ot possible to quantify the social 
and economic benefits of water pollution control programs 
already completed and to be accomplished in the future. It 
Wt s learned in 1975 thac fish were returning to areas of the 
Lower Savannah River where they had not been in many 
years. Successful fishing in the Conasauga River down- 
stream from Dalton's wastewater discharge was also 
reported— a vast improvement over conditions five years 
ago. It will be difficult to quantify the benefits of 
improvements in fishing and recreation opportunities that 
will accrue throughout the State as a result of the present 
water quality control efforts, but they will continue to 
accrue. A method for quantifying bi nef its is needed. 

Recommendations 

The Congress should delay for at least 5 to 10 years 
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the requirement for industries to reach BAT. The effects of 
current water pollution control progrartis should be seen 
before decisions are made requiring more treatment. The 
Congress should continue to provide a signiticant level of 
funding {$5'$7 billion per year) for the PL 92-500 
construction grants program with a fair and equitable 
allocation formula for at least another five yeais, or it will 
be impossible for substantial additional progress to be made 
in Georgia toward making all waters meet fishable and 
swimmable criteria. The Federal grant share must continue 
at the 75 percent level to enable local governments to 



finance required improvements and esiablish the necessary 
operation and maintenance programs with local funds. 

The 1977 deadiine should be extended on a case-by- 
case basis for publicly owned systems as construction grants 
funds are made available. Also, the certification of states tc 
administer the construction grants program should be 
authorized by the Congress with adequate financial support 
to enable the states to conduct an efficient and effective 
program. In addition, the combination of Step 2 and Step 3 
grants into one grant would expedite the progranr.. 
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Summary - Guam 



Complete copies of the Guam 305(b) 
Report can be obtained from the 
State agency listed below: 

Guam Environmental Protection Agency 
Box 2999 

Agana, Guam 96910 
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Summary 

Guam's overall water quality changed little between 
the time of our first report to the Congress (April 1975) 
and this year's. Between May 20-22, 1976, Typhoon 
Pam»*a struck the Island with winds up to 190 mph. This 
storm was a mixed blessing vis-a vis environmental impact. 
Ir near-shore reef areas and estuaries, sediments were 
washed ashore or further out to sea, thus 'cleaning' the 
waters and making them less turbid. However, expansion of 
eroded areas in southern Guam occured due to the heavy 
accompanying rains. In addition, the stripping of most of 
the Island's vegetation made these areas more fire prone, 
resulting in several extensive grass fires, particularly in the 
Umatac Area. The largest impact from a water quality point 
of view, however, rnay be the thrust the storm gave to the 
local construction ^6 development industry due to the 
infusion of large amounts of Federal aid. Many of these 
future projects will no doubt carry with them the asso- 
ciated impacts of erosion and siltation and generation of 
polluted stormwater. 

Bacterial pollution and heavy sediment loads contin- 
ues to characterize Guam's central and southern rivers, 
particularly the Umatac, Asan, Agana, and Pago. Problems 
of uncontrolled sewage discharges from cesspools, pit 
privies, and direct drainage into rivers account for a larr;e 
number of violations. The continued poor quality of the 
Pago River is attributable to the sporadic operation and 
maintenance of the Yona Sewage Treatment Plant and the 
poor location of its outfall. 

Extensive clearing and grading, coupled w ih a/eas of 
natural erosion, have increased turbidity levels in some river 
basins. Although Islandwide permits for clearing and 
grading dropped considerably from 1974-5 because of the 
lull lii construction activity, the erosional effects of the 
typhoon, both immediate and long-range, have offset this 
reduction. 

The percentage of Island homes with improper 
sewage disposal or septic tank systems has declined some* 
what due to the gradual elimination of substandard 
dwellings through urban renewal and a movement toward 
construction of permanent concrete dwellings by Island 
residents. Coordination between the Guam Environmental 
Protection Agency (GEPA! and the Federal Housing Ad- 
ministration has helped to check the number of new homes 
with improper sewage disposal systems. In addition, the 
increased activity m interceptor sewage construction in 
Mangilao, Chalan Pago/Ordot, Barngada, and Maite will 
make sewers available to many more homes. 

Although actual changes in water quality were not 
evident, several events have occured within the past year 
which may have a substantial beneficial impact on water 
quality in the future. 

After several months of negotiation, on January 9, 
1976 Gillham, Koebig and Koebig, consultants for the 
Government of Guam, were authorized to work on an 
Islandwide Wastewater Facilities Plan. This effort is the 
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initial step in*the provision of sewage collection lines, and 
treatment to Guam's southern villages, and the expansion 
and upgrading of existing lines in the north. Public hearings 
were held in March 1976 in the villages of Umatac and 
Merizo to present alternative plans for these villages. 
Additional hearing: are scheduled for Inarajan and Talofofo 
in July and August 1976. "^fie entire effort is due for 
completion by April 1, 1977. 

On November 13, 1975, at the combined request of 
GEPA, Bureau of Planning, and the U.S. Geological Survey, 
and after a careful review of the available information. 
Governor Ricardo J. Bordallo requested that the Adminis- 
trator, U.S. Environmental Protection Agency (EPA), desig- 
nate the entire northern portion of Guam, stretching north 
from the southern boundaries of Chalan Pago and Ordot, 
under Section 1424(e) of the Safe Drinking Water Act, a*; 
our principal water supply source. Such designation by the 
EPA will result in the protection of our groundwaters from 
any Federal actions which could significantly impair their 
quality. Notice of the EPA's intent to designate our 
northern aquifer was published in the Federal Register on 
April 26, 1976. 

In May 1975, the GEPA submitted an application to 
EPA for a 100 percent grant, under Section 208 of the 
Federal Water Pollution Control Act, for funds to perform 
an IJandwide water quality program to study the impact 
of, and determine methods to control, erosion, urban 
runoff, and land discharges of residential sewage. A major 
portion of the 208 program is developing public awareness 
of environmental problems and providing input to programs 
designed to curb them. The application was subsequently 
approved and, on May 13, 1976, a detailed work program 
was transmitted to the EPA specifying the objectives, 
manpower, training, and cost necessary to achieve the . ^als 
of the two-year program. 

After three public hearings and four public GEPA 
Board of Directors' meetings, Guam's Revised Water Quali- 
ty Standards were adopted on September 25, 1975. The 
Standards estabtifh specific pollutant criteria for surface 
and potable water, new use classifications for Island waters 
(including conservation), and general effluent limitations 
for waste discharge. 0.1 March 29, 1976, the Standards 
were approved by the Federal Government. 

In addition to the Water Quality Standards, Regula- 
tions for Well Drilling and Erosion Control were also 
adopted by the Agency's Board of Directors during 1975, 

GEPA's Water Basin Planning Program, under Section 
303(e) of the Federal Water Pollution Control Act, pro- 
duced an overall Island water planning profile and a specific 
plan for most of northern Guam, classed as Segment A. The 
plan identified major water areas, types, and uses and the 
location and types of waste discnarges affecting these uses. 
The Basin r^lanning Program will be incorporated into the 
208 Comprehensive Waier Quality Planning Program and a 
plan for controlling both point and non point pollution will 
be developed by July 1, 1978, 

Because so many long-range water qus'ity programs 
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w«re initiated in 1975, evaluation of th«ir impact in regard Guam's third Report to Confireu will detail the impact of 
to meeting the 1983 national goals cannot be determined, these new pollution control efforts. 
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Summary - State of Hawaii 



Complete copies of the State of 
Hawaii 305(b) Report can be obtained 
from the State agency listed below: 

Environmental Health Division 
Department of Health 
P.O. Box 3378 
Honolulu, HI 96801 
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introduction and Summary 
of Extent of Water 
Pollution in Hawaii 

Water Quality in the State of Hawaii was reported last 
year in a document prepared for the EPA and the Con- 
gress of the United States in fulfillment of Section 305(b) 
of PL 92-500. It presented a broad overview and assessment 
of major water qi:ality problems, critical issues, and needed 
control actions as viewed by the State's water pollution 
control programs. The issues that were then addressed re- 
ma in fundamentally unchanged in this year's analysis, in 
particular, with 'espect to non-point source pollution. This 
is still cited as the majo. concern of the State. 

Considering the same fundamental issues and prob- 
lems, it is appropriate in thi§ 305(b) report to draw the 
same conclusions as follows: 

1. All municipal point discharges are under the 
permit system committed to compliance sched- 
ules for application of best practicable techno- 
logy currently available, but adherence to com- 
pliance schedules is dependent entirely upon 
availability of construction funds. 

2. Almost all industrial point discharges from raw 
cane sugar factories have been eliminated by 
recycling wastewaters to sugarcane fields for 
irrigation. The exception is the non-irrigated 
plantations along the Hanakua Coast on the 
Island of Hawaii. The topography, climate, and 
cane cultivatio;^ and harvesting are unique 
factors which make the application of conven- 
tional technology ineffective and expensive for 
achieving water quality standards. Strict 
effluent limits based on water quality standards 
could incur costs high enough to disrupt eco- 
nomic health of these industries unless innova- 
tive waste management schemes are developed. 

3. Non-point sources of discharges such as storm 
runoff, soil erosion, seepage from individual 
sewage disposal systems, and agricultural opera- 
tions, ^re a major class of discharges affecting 
water quality. Control technology and regula- 
tory programs are considered to be related to 
land use, for which guidelines are as vet 
undeveloped. 

A. Two major shellfish growing area* are now 
subject to contamination by sewage (if fluents 
and urban runoff. Plans have been developed 
for diversion of sewage effluents to other 
disposal sites. Further regulatory controls must 



be developed to safeguard against contamina* 
tion from pesticides and he:ivy metals in urban 
runoff. 

5. Regulations governing the design, construction, 
installation, operation, and maintenance of 
sewage treatment and disposal systems (public 
and private) are prescribed in Chapter 38, 
Public Health Regulations, Department of 
Health, State of Hawaii. Minimum standards 
governing treatment and disposal systems have 

4 been in the process of revision. 

6. Point source discharges are controlled under the 
federally mandated National Pollutant Dis- 
charge Elimination System (NPDES) delegated 
to the State on November 28, 1974, under 
which any discharge into State waters requires a 
permit. Permits have been issued to 95 percent 
of the major and minor discharges in the State. 

7. With progress toward the goal of *'zefo- 
discharge," subsurface emplacement of ef* 
fluents and deep ocean outfalls are becoming 
more prevalent. Subsurface emplacement of 
effluents must be controlled to protect ground- 
waters. A permit' system for the discharge of 
effluents into injection wells Is being developed. 

8. As point sources of pollution are brought under 
control, the major emphasis in wat^r pollution 
will shift to control of the pollution that arises 
from dispersed areas. The major nonpoint 
sources of pollution in Hawaii are runoff: 
Urban, agricultural, and construction. 

9. Physical controls should include: 

Use of impoundments or catch basins to reduce 
the rate and amount of runoff; 
Watershed treatment to reduce the rate and 
amount of runoff; and 

Retention of open spaces within the urban 
areas to reduce the total amount of runoff. 

10. Environmer/tal policies, should consist of: 
Procedures to control urban litter and to 
enforce general sanitary conditions; 

Strict performance standards controlling gra- 
ding and exposing bare soil during construction; 
and 

Regulations to control the open storage and 
drairiage in commercial and industrial areas. 

11. Zoning has has been and will irontinue to be 
used as the primary control over the location, 
denbcty, and direction or urban growth. With 
little modification, these same ordinances can 
be used to implement water quality-related land 
use plans. 
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Complete copies of the State of Idaho 
305(0) Report can be obtained from 
the State agency listed bciow: 

Department of Health and Welfare 

Statehouse 

Boise, ID 83720 
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Summary 



This report updates the Water Year 1974 Water 
Quality Status Report. 

Water quality data presented mdicate that significant 
reductions in municipal and Industrial point source pollu- 
tant loads over the past few years have had a measurable 
effect in some streams. It is also apparent that non-point 
source pollutant loadings have a major impact on stream 
water quality so that water quality standards and goals may 
not be achieved for many streams unti< such sources are 
considerabiy reduced. 

The NPDES permit program is functioning well in 
Idajio with good progress being made in attaining compli* 
ance with the 1977 treatment requirements. 

Considerable progress has been made in developing a 
no.n-point source pollution control program. The first 
non-point source pollution control strategy for Idaho was 
developed in March 1976. Agriculture (including irrigated 
and non*irrigated croplands, and range and dry pasture) and 
silviculture are considered to have the most significant 
effect on water quality of all land use activities The extent 
of pcn-point pollution sources is not expected to decrease 
without uniform statewide application of sound manage* 
ment practices. 

The recommendations for revising Public Law 92-500 
by the National Commission on Water Quality are generally 
supported with some few exceptions noted in the report. 
There are other recommendations pertaining to Sections 
208, 305(b) and 404 of the Act, and financing of 
agricultural pollution control facilities. 

Recommendations 
on Public Law 92-500 

The following discussion is based on the "Report to 
the Congress by the National Commission on Water 
Quality" dated March 18,1976 and specifically the section 
titled "Recommendations (Summary)" (see Appendix A-1 
to this appendix). 

The 1977 Requirements 
• Recommendation No. I 

A. There is a definite need for authority to grant 
extensions of time to municipal, industrial and 
agricultrual dischargers to meet the 1977 
requirements on a case-by-case basis. Such time 
extensions should not extend beyond July 1, 
1983. 

B. Congress shoul i only authorize a deferral of the 
1977 requirements on a case-by-case basis and 
not, as suggeited, a waiving or modilication of 
the 197 7 requirements. It appears that 
applications for waivers or modifications uP, a 



case-by-case basis could result in an 
administrative nightmare for the EPA. 
C. Congress should provide authority for waiving, 
deferral, or modification of the 1977 require- 
ments on a category-by-category basis, par- 
ticularly for existing publicly-owned oxidation 
ponds and lagoons and deminimus situations. 
However, the States should be provided the 
authority to require the application of the 1977 
requirements on a case-by-case basis within 
each category, if needed, to meet water quality 
standards. 

The 1983 Goals and Requirements 

• Recommendation No. II 

A. The 1983 goal o^ fishable, swimmable waters 
mur.t be maintained. 

B. Congress should postpone the deadline for 
implementation of the 1983 requirements 
until: (1) Non-point source control measures 
(including irrigation return flows) are imple- 
mented; (2) the 1977 requirements are imple- 
mented; and (3) the results of these measures 
are documented by a complete assessment of 
water quality improvements achieved. Addi< 
tional Federal funds should be provided to the 
States so that a complete assessment may be 
made of water quality improvements. After 
these three criteria have been completed, a new 
Commission, similar to the National Commis- 
sion on Water Quality, should evaluate the 
progress made and make a determination as to 
whether uniform applicaton of more stringent 
effluent limitations tfcan the 1977 requirements 
is justified and necessary for attainment of 
national water quality goals. 

Decentralization 

• Reoomendation No. Ill 

Congresr should authorize the EPA 
Administrator to issue certification to any State to 
exercise full authority and responsibility for planning 
and for administration of the discharge permit and 
construction grants programs. However, many State 
pollution control agencies would probably not be 
able 1 ' apply for such certification unless adequate 
Federal or State resources were provided to admini- 
ster the programs. When such certification is made, 
the EPA stwif should be reduced and EPA should 
assume a more secondary role to the States. The EPA 
should then concentrate on formulating criteria re- 
view, allocating Federal resources, research and devel- 
opment, and technical assistance. 
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. In addition, it is strongly recom mended that the 
current n«tton-wide orQinization of the EPA be modified 
and patterned after the more progressive EPA Region X. 
The EPA'$ ten national regions should be decentralized in 
order to strengthen individual State programs. EPA Region 
X has an operations office in each State within the region. 
Since this concept was implemented, the interrelationship 
of State/EPA has improved tremendously in Idaho. 

Federal Financial Assistance 

a Recommendation No. IV 

Congress should provide Federal grants for 
constructing publicly-owned treatment works by au- 
thorizing funding of the program at $5 billion per 
year for at least ten years. 

Elimination of the Discharge of Pollutants and 
Resench and Development Needs . 

e Recommefldatlon No. V 

A. Congress should redefine the goal of elimtna* 
tion of discharge of pollutanU by 1985 and, 
instead, stress conservation and reuse of re- 
sources. When practical, the State should strive 
for elimination of pollutant discharges into the 
nation's waters. 

B. Congress should provide adequate financing to 
accelerate practical research directed toward 
developing and demonstrating promised tech- 
nic^es for recycling, reuse, land application and 
other resource*conserving options tor waste 
management. Where possible. State water pollu- 
tion control agency administration of the re* 
search programs should be emphasized. 

C. Congress should encojrage research on toxic 
pollutants and their effects. 

0. No comment. 

E. See Paragraph B above. 

Irrigated Agriculture 

^ Recommendation No. VI 

A Congress should authorize flexibility in the 
application of control requirements in this 
category of discharge and recognize the need 
for the development of applying resource sys* 
tems on a site specific basis. Identified prob- 
lems must be resolved within a reasonable 
period of time In order to meet water quality 
goals. 

B. No comment. 



a Other Recommendations 

1. Section 305(b) should be revised to require 
State water quality status reports bi*annually 
rather than annually. 

2. Section 404 should be revised to allow State 
operation of dredge and fill permit system 
where a State already has adequate authority to 
regulate such discharge:;. 

3. Congress should consider the provision of Fed* 
eral funding to State and local planning agen- 
cies where necessary to implement Section 208 
water quality management plans. 

4. Congress should consider developing a financing 
program which would provide low interest 
loans to agriculture interests on a highiKiority 
basis where structural measures are ne^d tu 
control pollutant discharges. 

APPSNDiXAl 
RECOMMENDATIONS (SUMMARY) 

THE 1977 REQUIREMENTS 

/. The Commission recommends that 

A. Ccfigress authorize granting extensions of time 
to municipal, industrial and agricultural dischargers to meet 
the 1977 requirements on a case*by*case basis where: 

1. The discharger can demonstrate reason* ~ 
able progress toward compliance with the July 1, 
1977 deadline; or 

2. Lack of Federal construction grant funds has 
caused delay; or 

3. The discharger can demonstrate other good 
and sufficient cause; 

Provided that in no case shall such extensions of 
l..ne extend beyond (a specified date such as September 30, 
1980) or until the cause for delay has been.removed. 

B. Congress authorize waiving, deferral or modifi* 
cation of the 1977 requirements on a case-by-case basis 
where the discharger demonstrates to the satisfaction of the 
Administrator (or a state administrator where a state has 
been certified) that adverse environmental impacts of such 
action will be minimal or nonexistent, or that the capital or 
operation and maintenance costs are disproportionate to 
projected environmental gains. 

C. Congress authorize waiving, deferral, or modifi- 
cation of the 1 977 requirements on a category-by-category 
basis for near shore ocean discharges of publicly owned 
treatment works, pretreatment requirements, existing pub- 
licly owned oxidation ponds and lagoons, and de minimus 
situation where the Administrator determines that the 
adverse environmental impacts of such action will be 
minimal or nonexistant, or that the capital or operating and 
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maintenance costs ace disproportionate to projected envi- 
ronmental gains. 

THE 1983 GOAL AND REQUtREMENTS 

//« Th9 Commimon recommends thet 

A. Cor)gress retain the natjonal goal. . . thct 
whenever attainable, an interim goal of water quality 
wliich provides for the protection and propagation o\ fish, 
shellfish, and wildlife and provides for recreation in and on 
the mter be achieved iyj July 1 , 1983;" 

B, Congress postpone the deadline by which muni* 
ctpal, agricultural and industrial discharges shall be required 
to meet the 1983 requiremenU from July 1, 1983 to (a 
date not less than five and no more than ten years dti^r 
1963) provided the following interim actions arc assured: 

1» Effluent limitations for 1977 are re- 
viewed pericdically and revised, if appropriate, to 
reflect advances in practicable control technology, 

2, Periodically review and aggressively en* 
force higher levels of treatment than required by the 
1977 effluent lim»tr.tioiW where the 1977 require- 
ments will not achieve Federally approved State water 
quality standards and where more stringent limita- 
tions will significantly help in achieving water quality 
standards; v 

3, Review and alter new source performance 
standards periodically as technology Is perfected to 
ensure a high level of control or tieatment of new 
pollutant sources; 

4» a. Where possible, tc^ic pollutants in 
toxic concentrations shall be controlled in applicable 
effluent I'^mitatlons and permits. 

b. Effluent limitation^ based on tech- 
nology to eliminate the discharge c oxic pollutants 
in toxic concentrations into the nat 's waters shall 
be iiTiplemented as soon as possible n no later ;han 
October 1, 1980; 

5» a. Apply control or treatment mea* 
sures to combined storm and sanitary sewer flows and 
to urban stormwater flows when these measures are 
cost effective and will significantly help in achieving 
water quality standards. 

b. Control or treatment measures shall 
be applied to agricuiiural and nop*point discharqes 
when these measures are cost effective and will signi* 
ficantly help in achieving water quality .tcndards. 

For these measures. Congress could utilize the 
capabilities of existing institutions and their re* 
sources, and may wish to consider additional Federal 
resources to carry oui the necessary programs: 

6. Alt on-going national assessment of the 
quality of the nation's waters shaM be undertaken to 
determine progress toward water quality goals and 
objectives and the progress periodically reported to 
the Congress; and 

7. No later than 1985 a Commission similar 



to the National Commission on Water Quality shall 
evaluate progress toward these goals and make appro* 
priate recommendations, at which time Congress may 
consider whether uniform application of more stritt* 
gent effluent limitations that the 1977 requirements 
is justified and desirable. 

DECENTRALIZATION 

///. The Commission recommends that 

Congress authorize certification, upon application, to 
any state to exercise full authority and responsibility for 
planning, and for administration of the discharge permit 
and construction grant program, provided: 

A. A statewide water quality plan and program is 
approved at the time of certification. 

B. The state demonstrates 

1 . It has the appropriate statutory authority 
and directions, manpower and appropriations, 
administrative or judicial penalties and remedies; and 

2. It meets such other qualifications as the 
Congress nruiy determine necessary to perform such 
functions. 

C. That certification be for a period of five or 
more years renc*«Vdble after that based on progress toward 
improved water quality, and that 'the state agrees the 
certification may be withdrawn, after pijbltc hearir>g, on a 
showing of unsat 'ictory progress, but that certification 
shall continue in force unless and until it is withdrawn by 
the Administrator. 

As the certification process proceeds, the Federal role 
in the national water quality program should be t''at of 
formulation of criteria rev*QW and approval of state 
programs, allocetion of Fedeial resources, research and 
development and technical assistance, rpview of state 
progress and performance and more detailew supervision of 
those functions not certified to the states. 

("EDERAL FINANCIAL ASSISTANCE 

/ V. The Commission recommends that 

Congress provide stability for ther'naramof Federal 
grants for the construction of ptblici* ^ed control or 
treatment works by authorii^ing and \u&x .ng its intent to 
fund the progran at \not less that $5 billion nor more than 
$10 billion per year) for a fixed term of years (not less than 
five nor more than ten) at 75 percent of the cost of 
con:»i.uction, provided that: 

A. Priorities for the award of grants for eligible 
publicly owned treatment works within a state shall be 
established by the state provided that the ordering of 
priorities shall be based unon cost effectivene-; and upon 
the ability of a project to contribute substantially toward 
the "goal of water quality which provides for the pro- 
tection and propagation of fish, shellfish, and wildlife and 
provides for recreation in and on the water." 

B. In pursuit of the objective of ultimate 
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